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Interregional Competition 
and Prospective Shifts in the 
Location of Livestock Siaughterl 
by Wilbur R. Maki, Charles Y. Liu and William C. Motes 
Futu~e prospects of growth in livestock produc-
tion and meat consumption impose new patterns of 
adjustment upon our livestock marketing institu-
tions. Historically, our livestock and meat mar-
kets have adjusted to changing patterns of pro-
duction. and consumption by gradually modifying, 
expandmg or relocating existing facilities and by 
adopting new methods of livestock procurement 
and distribution. 
Sharp changes in these historical patterns of 
marketing and distribution may occur in future 
years. These <:hanges involve the entire marketing 
process. RetaIlers, for example, are more insist-
ent now than ever before about buying a pre-
scribed quality of product in adequate volume and 
at the lowest possible price. Wholesalers and 
packers are seeking means of reducing short-term 
variabi~ity in supplies and prices through pro-
grammmg of procurement and slaughter activi-
ties based on improved market outlook informa-
tion. . Producers are adopting new production 
practIces and methods of marketing to increase 
their income position and to obtain a more precise 
valuation of their outputs. 
The market changes that occur are related to 
a host of factors affecting, in some way the en-
tire livestock-meat economy. Each component of 
the economy, however-slaughtering, processing 
and distribution-is affected in a different but 
not necessarily an unpredictable, manner. More-
·over, desirable business adjustments to these 
cha~ges in livestock anq m~a:t marketing are being 
achIeved through the mdIVIdual efforts of busi-
ness enterprises i.n the areas o! capital budgeting, 
10ng-range plannmg and the Improvement of in-
formation on prospective economic conditions. 
In this report, factors accounting for changing 
'patterns of livestock production and meat con-
·sumption in the United States and its regions 
are presented in terms of their probable effects 
·on the location of the meat packing and related 
-industries. Finally, these evolving locational pat-
-terns are discussed in the framework of inter-
regional competition in the livestock-meat econo-
'my. 
'1 Projects 1383 and 1409. Iowa Agricultural and Home Economics 
Experiment Sta~lon. Centfr for Agricultural and Economic Adjustment • 
. cooperatlng. ThiS report IS the r.econd of two reports prepared in part 
'under a cooperative agreement with the United States Depa;tment of 
,Agriculture. 
Interregional Competition in the Livestock-Meat Economy 
. Interregional competition in livestock produc-
tion comprehends a whole process of adjustment 
whereby farm and farm-related businesses at-
tempt to earn a reasonable income from available 
resources. As the demand for meat changes for 
example, meat packers and livestock prod~cers 
change the volume and quality of the composite 
mea:t o~tput in seek~ng the most profitable or-
gamzatIon of productIOn for each business enter-
prise. When these adjustments occur on a rather 
broad geographical basis, existing patterns of 
specialization are modified as business enterprises 
of all aI'eas attempt to use their resources in 
the production of those goods and services in 
w,hich their income advantage is comparatively 
hIgh, For the purposes of this report however 
interregional competition is conceived 'more nar~ 
rowly in terms of the year-to-year changes in the 
geog~aphical d!st~ibution of livestock slaughter 
and m the pnnClpal factors affecting livestock 
slaughter. 
In this report, the regional agricultural econo-
mies are conceived as an interrelated system of 
markets and producing units. Each livestock or 
meat market is intimately involved in the day-to-
day performance of all other livestock and meat 
markets. Livestock prices at Sioux City for ex-a~ple, are related to Chicago prices, but' Chicago 
prIces are affected by the volume of marketings 
through the Sioux City and other livestock mar-
kets .. Price determination among livestock mar-
kets IS thus a phenomenon of nationwide scope. 
Prices at livestock markets also are tied to 
dressed-meat prices. Even more than the livestock 
markets, the dressed-meat markets respond to 
broad national cOl!ditions affecting meat produc-
tIon and consumptIon. Wholesale and retail buyers 
of !lleat pro~ure their supplies wherever the pre-
scrI~ed quahty and v~lume of these supplies are 
optamed most economIcally. Modern communica-
tIOn and tr~nsportation facilities join all buyers 
and sellers m the hundreds of places where live-
stock and meat are sold and bought in a vast net-
work of interdependent relationships. 
AI.though all markets are involved in price 
makmg, one or more of the larger livestock and 
dressed-meat markets may serve as focal points 
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in the prIcmg process. Superior means of com-
munication and transportation and a well-devel-
oped system of market intelligence favor these 
major markets with comprehensive market news 
reports that are available also to other points in 
the market network. These major livestock and 
dressed-meat markets serve, therefore, as pricing 
points for livestock producers who generally trade 
with local livestock markets. 
The major market centers, together with re-
gional specialization in livestock production and 
the existing transportation network, are the prin-
cipal elements in the organization of data present-
ed in this report. For each of the livestock 
regions, which includes one or more major live-
stock and meat markets, the levels of livestock 
production, meat consumption and marketing 
costs are estimated. In terms of this report, 
livestock and meat are shipped from one region 
to another so as to minimize the total transporta-
tion costs, given the existing or projected location 
of the meat-packing industry. Price-quantity re-
lationships are used to adjust the regional con-
sumption levels to the set of livestock and meat 
prices based on the most economical pattern of 
interregional livestock and meat shipments. Thus, 
all geographical areas and their markets are in-
volved in the mutual determination of interregion-
al commodity flows and the related set of regional 
livestock and meat prices presented in this report. 
Facilitating Adjustments in Meat Production 
A secondary objective of this study is to provide 
an informational basis for a more general under-
standing of economic adjustments now under way 
in livestock slaughter and meat production. As 
the location of the meat-packing industry changes, 
the related marketing or distribution facilities 
also change in their location and services. These 
geographical and functional changes in the dis-
tribution of livestock and meat from farm to 
consumer may have a profound impact on the 
pattern of regional specialization in livestock pro-
duction. Many millions of dollars invested in land, 
buildings and equipment are at stake as a result 
of shifts in the location of the meat-packing in-
dustry. 
Private businesses attempt to economize their 
efforts in plant relocation, for example, through 
capital budgeting procedures. Decisions to under-
take a specified set of capital expenditures in the 
meat-packing industry depend upon a host of 
considerations including not only estimates of 
prospective returns from the proposed invest-
ments under existing market conditions, but also 
estimates of prospective production, processing 
and distribution costs at alternative packing 
points. Economical investments in new plants 
and facilities thus require a degree of market fore-
sight that extends substantially beyond the par-
ticular markets and areas in which a meat packer 
transacts his business. This market foresight 
requires, moreover, an appreciation of the chang-
ing patterns of intelTegional competition in the 
livestock-meat economy and the forces which 
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account for the changing regional relationships 
in production, prices and consumption. A high 
degree of reliability and precision in the regional 
market outlook and the economic forecasts that 
make up the expected market patterns for each 
business enterprise would serve the best interests 
of the entire livestock-meat economy insofar as 
these market forecasts provide a basis for desir-
able investment decisions in improved marketing 
and processing facilities. 
In the preparation of this report, published 
research reports dealing with the livestock-meat 
economy were reviewed and used in deriving an 
econometric model of the livestock-meat economy 
for the purpose of generating relevant data cover-
ing the period 1960 to 1964. Regional projections 
of livestock production and meat consumption 
based on a short-run model of the livestock-meat 
economy were reconciled, finally, with the eco-
nomic projections for the United States prepared 
by various federal offices. The statistical results 
were deemed adequate for ascertaining the general 
effects of changing patterns of interregional com-
petition on the regional location of livestock 
slaughter and the meat industry. 
COMPETITIVE RELATIONSHIPS IN THE MEAT INDUSTRIES 
The meat industry, which includes both meat 
packing and prepared meats establishments as 
defined by the U. S. Bureau of the Census, may 
be described as both a supply-oriented and a mar-
ket-oriented industry. Livestock-slaughtering es-
tablishments, or meat-packing plants engaged only 
in livestock slaughter, generally are located in 
supply areas large enough to satisfy the normal 
needs of the plants throughout the year. The 
considerable weight reduction which occurs in the 
conversion of livestock into carcasses results in 
transportation economies even under present rate 
structures. Moreover, livestock procurement costs 
for plants located in areas of inadequate livestock 
supplies generally exceed the procurement costs 
of comparable plants located in the major produc-
ing areas. In addition, weight losses of livestock 
in transit or on hand weaken the competitive po-
sition of slaughtering establishments in livestock-
deficit areas. 
Market-oriented establishments in the meat in-
dustry generally engage in processing meat prod-
ucts for a local wholesale or retail market. Fre-
quently these plants produce differentiated prod-
ucts, such as brand-name smoked ham, which 
compete effectively with the meat products of 
packing plants located in the producing areas. 
Large, integrated meat packing plants typically 
are located in the major hog producing areas in-
cluded in the 12 North Central states. These 
plants account for a major part of the meat pro-
duction in the United States, particularly the 
meat shipped into states in which total meat con-
sumption greatly exceeds total meat production. 
As demonstrated later in this report, two sig-
nificant trends are apparent from historical data 
on the meat industry. First, functional speciali-
zation has increased in recent years, thus result-
ing in more plants engaged only in slaughtering 
operations and typically handling only one species 
of livestock. Furthermore, supply considerations 
occupy an increasingly important place among the 
factors affecting the location of slaughtering 
plants. Because of the wide geographical distri-
bution of cattle feeding and breeding enterprises 
and the increasing consumer demand for beef, the 
meat packing industry is more dispersed now than 
it was 20 or 30 years ago. Also, as a result of 
these two trends, the four largest packers ac-
count for a decreasing proportion of the total 
livestock slaughtered. 
An expanding national economy, furthermore, 
has sustained a growing consumer market for the 
more expensive processed meat products. These 
products are differentiated in quality and also on 
a brand-name basis through national and local 
advertising. The large national packers enjoy 
considerable advantages in the development of the 
more expensive and more profitable lines of proc-
essed meat products through an established name 
and large-scale organization which can support 
both a more effective research and development 
program and a more adequate advertising budget. 
In large measure, the future loeation of the 
meat industry is described in terms of the future 
location of livestock production and of human pop-
ulation. Most slaughtering plants generally will 
be loeated in supply areas, while most sausage 
kitchens and other processing facilities will gravi-
tate toward the population centers. 
A map of Standard Metropolitan Statistical 
Areas, as defined by the U. S. Bureau of Census, 
serves to illustrate the more favorable localities 
for the future location of the meat industry (see 
fig. 1). This map also shows roughly the distri-
bution of human population in the United States. 
A second map showing the distribution of live-
stock production serves to delimit further the 
major centers of processing and slaughtering (fig. 
2). 
To evaluate the Ioeational effects of the major 
economic forces-market prices, livestock produc-
tion, meat consumption, distribution costs and 
industry organization-certain competitive rela-
tionships in the meat industries are first reviewed. 
A schematic diagram is used to show the in-
fluence of production, consumption and related 
factors on location decisions in the meat industry 
(fig. 3). These factors are grouped under four 
general headings: the structural characteristics 
of the meat industry, the livestock-feed economy, 
the consumer markets for meat products and the 
transportation network. 
Economic Structure of the Meat Industries 
The economic structure of the meat industries 
is characterized by the number and size of firms 
and establishments, the geographical loeation of 
these establishments, the rate of entry of new 
firms into the industry, the degree of vertical 
integration or specialization and the extent of 
STANDARD METROPOLITAN AREAS: 1954 
---
.Fig. 1. Geographical location of 172 standard metropolitan area., 1954. 
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FARM PRODUCTION OF CATTLE* 
8y Slalo., a. 'lC. al u.s. Talal, 1955 
FARM PRODUCTION OF HOGS* 
U. S. forAl 21,402 Mil. LI. 
u. S. 10TAL 1'.973 MIL. lI. 
u.s. DI .... TIII"y 0' A'I'C:ULTUlf IIn.:lttl .. ",,", "'IICULTUUl IIIAltICnnlQ "lylU ".:I .• I,,,nlll.,.f 0' AClt('ULTUlf 
FARM PRODUCTION OF SHEEP AND LAMBS* FARM PRODUCTION OF MEAT ANIMALS* 
lIy SIal", al "' 01 U. S. Talal, 19~' 
• ·1 
u.s. TOTAl 1.612 Mil. II. V. S. TOTA14',tI' MIl. n. 
"'IC~'.n:r-SU"1 IICIICULfU'IAL .... UTIIIII Sllylcr 
&.;"::.,: ••• :.::"';;:'A::.:;,..::;":.:..:'"::..'.::A.::::"C;:::UL;.:TU':.:.E ____ -!NrG.nl'·,.m ACIIICULJUJlt,L MllKUINClIrIl¥ICE 
Fig. 2. Percentage distribution of farm production of specified livestock species, by states, 1955. 
product differentiation. These structural attri~ 
butes are believed to account for the behavioral 
relationships of firms in the industry. Behavioral 
relationships among firms are extremely difficult 
to ascertain; hence, the more readily available 
measures of market conduct and performance are 
presented. 
Determinants of Market Conduct and Performance 
Two phases of market conduct are cited by Bain 
in a recent study of industry organization:2 (1) 
the character of interfirm relationships and co~ 
ordination and (2) the principles and methods 
which the effective decision~making units observe 
in arriving at decisions and actions. The market 
conduct of firms in the meat industries might 
be classified further with respect to the conduct 
of (a) livestock slaughterers and meat wholesalers 
and (b) livestock buyers. On the sales side, the 
principal considerations include the determination 
of prices and outputs, sales-promotion and product 
policy, and improvement of market position. 
• This discus.ion on structural characteristles in the meat industry 
follows the terminology and general pattern of presentation used by 
Bain. See: Joe S. Balli. Industrial organization. John Wiley and Son., 
Inc., New York. 1959. Pp. 266··127. 
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The volume of meat production is determined 
by the actions of several million livestock produc-
ers. Furthermore, a major part of the output is 
composed of a bundle of relatively homogeneous 
products as prescribed by the grades and stand-
ards generally used throughout the economy. 
Hence, prices are established by the over-all mar-
ket conditions-livestock production and market-
ings, cold storage holdings, consumer incomes and 
other demand determinants of broad national in-
fluence. A relatively small number of meat buy-
ers, however, accounts for a major part of the 
meat sales (which thus differentiates the activ-· 
ities of the industry with respect to its output and 
input markets). For this reason, and also because· 
of product homogeneity, prices are established 
with a remarkably high degree of precision for-
any specified quality of product. Though buyers 
and sellers act independently in setting prices, the· 
net result of their market activities is character-· 
ized by a mutually determined set of prices repre-· 
senting the influence of the major demand deter~. 
minants which essentially are separated by the· 
dimensions of time, space and form. 
Product and sales-promotion policies are inher-
PROCURE MEN 
COSTS 
AND 
LIVE PRICES 
MARKETING 
AND 
TRANSPORTATION 
SYSTEM 
* DIRECT INFLUENCES ARE SHOWN BY HEAVY SOLID LINE: 
Fig. 3. Decision.making environment affecting <apital expenditures 
.nd plant lo<ation in the meat pa<king industry. 
ent~y more important among meat processors and 
natIOnal packers than among specialized slaugh-
terers. Market strategy -[or processed meat prod-
ucts, for example, comprises elements of both 
product and nuu'ket development. Thus, the re-
search and development departments of a meat 
packing company al'e important elements of the 
company's over-all programs of market expansion 
through the design and development of new prod-
ucts which have large potential consumer markets. 
Because of the possibilities of achieving wide-
spread acceptance of well-conceived new products 
through a coordinated sales-promotion program, 
meat procesSOl'S invest more willingly in an 
aggressive development program for new prod-
ucts. Sales-promotion activities thus serve as an 
integral part of a strategy of market penett'ation 
and expansion either through new product devel-
opment or through the changing of consumer 
preferences with respect to existing products. 
Shmy. breaks from past policies, however, may 
1)l'eClpltate more aggreSSIve market strategies 
among competing firms. Hence, changes in exist-
ing product and market relationships may be 
viewed conservatively by firms that are extl'e'melv 
vulnerable to retaliatory action by competitors, " 
Finally, the existing firms in the meat industry 
Illay desire policies to limit the entry of new firms, 
Such policies, if effective, would create or protect 
favorable market shares and profit margins fOl' 
the industry, In pmctice, however, entrv into the 
meat industry is quite easy because of the low 
capital requirements of speeialized slaughterincr 
facilities and also because of governmental policy 
inhibiting market sharing and certain forms of 
merger and vertical integration. 
On the buying side, the meat industry has a 
considerable degree of flexibility in its profit-
making activities, Though the industry as a whole 
takes care of the entire output of the livestock 
sector as it comes to market, individual plants 
have some discretion in programming production 
and employment, 
Lack of coordination between production and 
employment contributes to short-term fluctuations 
in profit margins in the meat industry. While pro-
duction schedules may fluctuate from day to day, 
employment is fixed for the week. Even weekly 
fluctuations in meat pl'oduction induce additional 
costs because of the undesirable effects of fre-
quent changes in the rates of hiring or firing pro-
duction workers (which may exceed the costs of 
less-than-full employment). During periods of 
less-than-full employment of labor resources live-
stock buyers bid aggressively for the limited sup-
plies of livestock, while during periods of heavy 
farm marketings, the existing labor force is paid 
overtime to handle the larger-than-expected pro-
duction schedules. Thus, the cost of livestock may 
vary sharply from day to day because of short-
term variability in livestock marketings, Im-
lJl'ovements in short-term market forecasting 
would reduce some of the price variability, pro-
vided the procurement activities of slaughterers 
werE) effectively coordinated with the market fore-
casts and the scheduling of workers in each plant, 
Spatial Distribution of the Meat Industries 
Eadie}", the two major factors accounting for 
the spatial distribution of the meat industries-
human population and livestock production-were 
cited with reference to locational trends in live-
stock slaughter and meat IH'ocessing. In 1954 48 
percent of all meat packing plants and 79 per~ent 
of all prepared meats plants wel'e located in the 
172 standard metropolitan areas," An even larger 
percentage of the total employment in the two in-
dustries occurred inside these metropolitan areas 
-79 percent in the meat packing industry and 91 
pel'cent in the prepared meats industry (see table 
1). Furthermore, less than 10 percent of the total 
employment in these two industries was located 
outside cities of 2,500 inhabitants or more.! 
Generally, the larger.-sized meat packing and 
prepare::l. meats estabhshments are located in 
standard metropolitan areas (table 2). Most of 
the smallest packing plants-those reporting less 
than 20 employees-are located outside these 
areas. 
Beca~se of ge?graphical diversity in livestock 
productwn, a regIOnal breakdown of the livestock-
meat economy is used in describincr furthel' the 
size distribution of establishments'" in the meat 
a A standard 111etroIJulitatl al'ea, except in New Eng-land is a whole 
county or ~roup. of contiguous counties which contnin n ~ity Ot' cities 
of fiO,OOO mhahltanLK or nWl"t'. 
I, Uecaw.;e o[ t.he g:j"(mlel" detail of the published 19;'4 Census of ~1' _ i;..lc~~l'e!·p,. data, m<!st ,of. the factual in,fol'mation pertaining to the ~~~t 
""ekmg Industry," h,mlted t() the 1'.,4 calendar year, Moreover 19'4 
IS the base yeal' fol' thIS study. • .J 
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Table 1. Distribution of employment in meat packing and prepared 
meats indu&lries by metropolitan area and city size, 1954." 
Urbanization and 
1950 population 
Employment (percent) 
Meat Prepared 
lJacking meats 
Inside Standard Metropolitan Areas (SMA) 
Incorporated cities: 
500.000 01' more ................................................. . 
100,000·499,000 ............................................... . 
50.000· 99,999 .............................................. . 
10,000· ·19,9 99 ............................................... . 
2,fiOO. 9,999 ............................................... . 
All other 1)laces ..................................................... . 
Outside Standard Metropolitan Area" (SMA) 
Cities: 
10,000. 49,000 ............................................... . 
2.500· 9.999 .................................. ,., ... , .. " .. . 
All other places ...................................................... . 
20.8 51.7 
26.1 21.1 
13.1 4.1 
6.8 3.6 
0.6 0.6 
11.4 9.5 
10.0 3.7 
1.9 2.8 
9.2 3.0 
• U. S. Department of Commerce. Metropolitan area nnd city s'ze 
patterns of monufacturing industries, 1954. Area Trend Series, No.4. 
June 1959. Detailed figures may not add to 100 percent becau." of 
indcl1endent rounding. 
Table 2. Distribution of meat packing and prepared meats plants, by 
metropolitan area status and employment size, 1954." 
Me~t Prepared 
packing plants meat plants 
Inside Outside Inside Outside Number of employees 
pel' establishment SMA SMA Tot"l SMA SMA Total 
I. 19 ............................ 546 
~o· 99 ............................ 365 
100·499 ............................ 153 
500·999 ............................ 35 
1,000 or more .................... 41 
rotal ............. ........... ............ 1,14 0 
889 
261 
67 
6 
4 
1,227 
(number) 
1,435 652 
626 287 
220 90 
41 3 
45 :1 
2,367 1,035 
229 
45 
7 
o 
o 
281 
881 
:1:12 
97 
3 
3 
1,316 
----------------------
a U. S. Department of Commerce. ~letropolitan area and city size 
patterns of m.!1nufacturing industries, 1954. Area Trend Serietl~ No. 
4. June 1959. 
industries. Though many possible groupings of 
states exist, the U. S. Census breakdown into the 
nine major Census regions is used in this stUdy. 
Four regions, however, are combined into two re-
gions, and Delaware and Maryland are regrouped 
as part of the first of these two regions. Thus, 
in this study, the Northeast comprises the six 
New England states and the three Middle Atlantic 
states, in addition to Delaware and Maryland. As 
shown later, this first group of states represents 
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the most important consumer market for the live-
stock and meat which move in interstate com-
merce. The second composite region includes the 
South Atlantic and East South-Central states. 
This region also comprises a growing consumer 
market for meat (although livestock shipments 
into this region may decline in future years). 
The remaining five regions shown in fig. 4-East 
North-Central, West North-Central, West South-
Central, Mountain and Pacific--correspond with 
the U. S. Census regions. 
The regional distribution of meat packing and 
prepared meats establishments inside the standard 
metropolitan area corresponds with the number 
of these metropolitan areas and the distribution 
of human population. The Northeast, for example, 
has the highest concentration of establishments 
inside the standard metropolitan areas--71 per-
cent and 81 percent, respectively, of the meat 
packing and prepared meats plants. In the sparse-
ly populated Mountain states, however, only 30 
percent of the meat packing plants and 53 percent 
of the prepared meats plants are inside the stand-
ard metropolitan areas. In the Southeast, these 
two percentages are only 28 and 45, respectively, 
because of the occurrence of smaller plants and 
the lesser importance of interstate meat shipments 
originating from plants located in this region. 
The spatial distribution of the meat industry 
differs also in plant size. Most of the aggregate 
national output of the two meat industry groups 
is derived from a small number of large-size es-
tablishments. In the meat packing industry in 
1954, 3.6 percent of these establishments-those 
employing 500 worh:ers or more--accounted for 56 
percent of the total value added by manufacturing 
and 73 percent of the total employment in the in-
dustry. In the prepared meats industry, estab-
lishments with 500 employees or more-which 
made up less than 1 percent of the establishments 
--accounted for 14 percent of the total value 
Fig. 4. Livestock regions and 
major hansportation cente;s in 
1':10 United Slates. 
added by manufacturing and 13 percent of the 
total employment in the industry during the same 
period. The regional distribution of meat packing 
and prepared meats establishments is shown in 
tables 3 and 4 according to size and metropolitan 
status. 
The geographical location of meat packing and 
prepared meats establishments reporting 20 or 
more employees in 1954 is shown in figs. 5 
through 8. In the meat packing industry, estab-
lishments reporting less than 100 employees were 
widely dispersed (fig. 5), while the larger estab-
lishments were confined largely to the Corn Belt 
states and major wholesale centers outside the 
Corn Belt (fig. 6). 
Prepared meats establishments employing 20 
01' more persons generally were located in the 
major metropolitan areas. Establishments with 20 
to 99 employees were concentrated in the principal 
regional population centers (fig. 7). Most of the 
output of this industry, however, originated from 
the large plants located in the Chicago, New York, 
Philadelphia, Baltimore, Boston, San Francisco, 
Los Angeles, Detroit, Milwaukee and St. Paul-
Minneapolis metropolitan areas (fig. 8). 
Meat packing plants may be differentiated 
further in terms of federal inspection.5 Establish-
• The U. S. Department of Agriculture listed 3,217 establishments as 
of March 1955, while the U. S. Department of Commerce listed only 
2,367 in the 1954 Census of Manufacturers. In terms of volume, the 
Census of manufacturers covered about 90 percent of the commercial 
meat production in the United States. The census definition excludes 
meat wholesalers and other establishments which are not engaged in 
livestock slaughter as a primary part of their business. Many of these 
establishments, as well ns small freezer-processor plants and local re-
tailers, are included in the U. S. Department of Agriculture survey. 
ments under federal inspection may engage in in-
terstate commerce and are generally large-scale 
meat slaughtering operations. If nearby consumer 
markets are large, federally inspected slaughter 
may locate a considerable distance from the major 
livestock producing areas. Typically, however, 
these establishments are supply-oriented with 
reference to major sources of slaughter livestock 
(see table 5). 
Other wholesale and local slaughtering estab-
lishments include the majority of livestock 
slaughterers. These establishments serve smaller 
local markets and typically slaughter locally pro-
duced livestock. The size of market and supply 
area, in addition to management experience and 
financing, are major factors affecting the pros-
pective growth of these firms. 
Substantial differences in output occur among 
establishments under federal inspection and be-
tween federally inspected plants and those that are 
not under federal inspection. As shown in table 6, 
the average 1954 slaughter per plant under fed-
eral inspection in the West North-Central states 
was several times greater than the average 
slaughter per plant in any other region. Regional 
differences among slaughtering establishments 
not under federal inspection, however, are quite 
small. 
Commercial livestock slaughter under federal 
inspection made up 70 percent of the total number 
of cattle and calves slaughtered in 1954, 83 per-
cent of the hogs and 89 percent of the sheep and 
lambs (table 7). The concentration of federally 
inspected meat production in each region is di-
Table 3. Regional distribution of meat packing plants of specified size and metropolitan status, 1954." 
Region 
Ins'de 
SMA 
Northeast ....................................................................... __ 37 
East North-Central ............ _._ ................................. _ ....... _._. 30 
West North-CentraL ....................... _ ............................... _.. 6 
Southeast ________ .. _................................................................. 8 
West South-Central ___________ ...... __ ......................................... 7 
Mountain ............... _ .............. _ ......... ____ .... __ . ____ ......... _ .... _ .. ___ . 3 
Pacific ........................................ ___ .... _ .. _ .................. ___ ...... _. 9 
Total . ________ .. _ ...................................................................... 100 
1 to 19 
Outside 
SMA 
12 
24 
12 
18 
15 
9 
10 
100 
Number of employees per establishment 
20 to 99 100 to 499 
Inside Outside Inside Outside 
SMA SMA SMA SMA 
(percent) 
28 9 18 r. 
25 15 27 :35 
9 13 10 19 
12 33 14 36 
8 13 12 4 
4 7 7 6 
14 10 12 5 
100 100 100 100 
500 or more 
Inside Out. de 
SMA SMA 
2:1 0 
27 6 
31 50 
4 19 
:3 12 
:J 0 
9 13 
100 100 
• U. S. Department of Commerce. Metropolitan area and city size patterns of manufacturing industries, 1954. Area Trend Series, No.4. June 1959. 
rable 4. Regional distribution of prepared meats plants of specified size and metropolitan status, 1954." 
Number of employees per estabi.hment 
Reg!on Inside 
SIIlA 
1 to 19 
Outside 
SMA 
Northeast ... __ ..... ___ . ______________ .................................... ____ .... __ 43 24 
East North-Central ........ ____________ . ___ . __ . ____ ............................ 23 17 
West North-CentraL ...... _ .......... ____ .____________________________________ 5 10 
Southeast ...... _. __ ... _ ................ _ ..... _._ ........ _ .... _____ ._ ..... ______ ._---. 8 27 
West South-Central ___________ .. _._ ................ _._ ..... __ ..... -....... -... 6 9 
Mountain ___ .. _ .................. _. _________________ ................................. 2 5 
Pacific .... ________ ..... _ .......... ______ ....... ___ ._. ____ . _____ ._. ____ .. ___ . ___ ._ .. __ 1:1 8 
Total ........ ___ ... _____________ ._ ........... __ .... ____ .... _____ .. _. ____ . _______ .. ___ 100 100 
20 to 
Inside 
SMA 
38 
31 
7 
8 
5 
1 
10 
100 
49 
Outside 
SMA 
(pel'cent) 
35 
27 
6 
17 
6 
0 
9 
100 
100 to 499 
Inside Outside 
SMA SMA 
40 ~1 
:~6 23 
r. n 
4 0 
8 
0 
9 Hi 
100 100 
500 or more 
Inside 
SMA 
33 
67 
0 
0 
0 
0 
0 
100 
• U. S. Depal'lment of Commerce. Metropolitan area and city size patterns of manufacturing industries, 1954. Area Trend Series, No.4. June 1959. 
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Table 5. Regional distribution of federally inspected and other live· 
stock slaughtering plants. March 1955." 
Region 
Not federally 
inspected 
Federally Other 
inspectedb wholesalee Locald Total 
--------------------------------------
Northeast ............................ 91 
East N orth.Central...... ........ 96 
West North·Central 
Missouri and Kansns........ 29 
Other states· ...... ...... ...... 57 
South Atlantic' .................... 23 
South Centralg...................... 52 
Mountain ............................ 29 
Pacific .................................. 78 
Total .. .................................. 455 
(number) 
168 427 
258 420 
38 53 
31 82 
127 228 
186 384 
51 105 
93 111 
952 1,810 
686 
774 
120 
170 
378 
622 
185 
282 
3,217 
• Includes all plants with an output of 300,000 pounds or more live-
weight annually as reported by U. S. Dept. Agr., June 15, 1955. 
b Includes all plants which slaughter animals under Inspection ccnducted 
by the Meat Inspection Branch, U. S, Dept. Agr. 
• Includes principally those plants not under federal inspection and 
slaughtering Over 2 million rounds liveweight annually. 
d Includes principally those plants not under federal inspection and 
slaughtering less than 2 million pound •• but more than 300.000 pounds 
liveweight annually. 
• Minnesota. Iowa. Nebraska, South Dakota, North Dakota. 
f Virginia. West Virginia, North Carolina. South Carolina, Georgia. 
Florida. 
• Kenturky, Tennessee. Alabama. Mississippi. Arkansas, Louisiana. 
Oklahoma. Texas. 
rectly related to the total regional meat production 
per p~rson. For example, in the West North-
Central states, excluding Missouri and Kansas, 
practically the entire livestock slaughter is under 
federal inspection. Meat production per person in 
these states is five to six times the national aver-
age. 
Slaughtering establishments operating under 
federal inspection show a rather persistent histori-
cal trend toward increasing output per establish-
ment (see table 8). In the period from 1920 to 
1939, the number of these establishments declined 
gradually (from a peak of 347 in 1924 to 284 in 
1939) . During this period the total meat output 
of these establishments was quite stable. Hence, 
the output per establishment increased gradually. 
World War II, however, disrupted the earlier pat-
terns as shown in fig. 9. During the 5-year period, 
1939-44, total federally inspected meat production 
increased about 54 percent-from 11,608 million 
pounds to 17,921 million pounds in carcass weight 
equivalent-While the number of slaughtering es-
tablishments conducting slaughter under federal 
inspection increased from 284 to 481. Total meat 
production under federal inspection more than 
kept pace with the increase in total commercial 
production by increasing the percentage of total 
production from 75 in 1939 to 78 in 1944. Most 
of the relative increase in federally inspected 
slaughter occurred in beef production. In 1959, 
527 establishments were conducting slaughter 
under federal inspection. Total meat production 
under federal inspection was 21,114 million 
pounds, or 81 percent of total commercial produc-
tion. 
The association between livestock production, 
human population and the size distribution of 
meat packing plants was revealed in a series of 
three relationships derived from data reported in 
the 1954 Census of Manufacturers and summar-
ized by the U. S. Department of Commerce.6 The 
reported data on the number of establishments 
in each of three specified size classes were related 
to (1) farm production of cattle and calves, (2) 
farm production of hogs and (3) human popula-
tion. Estimates of each of these variables were 
obtained for 48 states from U. S. Department of 
Agriculture and U. S. Department of Commerce 
pUblications.1 The functional relationships and 
their coefficients are as follows: 
Yll =: 5.162 + 7.040Z'i - 0.518Z2i + 6.246**Z3i (6.584) (4.710) (0.848) 
R2 = 0.594 (1.1) 
Y21 = 0.607 + 6.020*Zll - 1.299Z2i + 3.764**Z3i (2.825) (2.021) (0.364) 
R2 = 0.750 (1.2) 
Y3i = 0.444 + 1.292*Zli + 2.255**Z2i + 0.621 **Zai (0.589) (0.422) (0.076) 
R2 = 0.803 (1.3) 
where, for the i th state, 
Y1 = number of meat packing establishments 
with less than 20 employees in 1954; 
Y2 = number of meat packing establishments 
with 20 to 249 employees in 1954; 
Y! = number of meat packing establishments 
with 250 or more employees in 1954; 
,I U. S. Department of Comrr.erce. Bureau of the Census. U. S. CenBus 
of M'inufacturers. 1954. Vol. 2, Part I. U. S. Govt. Print. Off .. 
Washington, D. C. 1957. 
'U. S. Department of Agriculture. Agricultural Marketing Service. 
Livestock and rr.eat sbtistics. U. S. Dept. Agr. Stat. Bul. 2:lO. 1955. 
Table 6. Estimated average number of livestock slaughtered annually per establishment, by species, inspection and region. 1954." 
Cattle and calves Ho<rs Sheep and lambs 
Under Not under Under Not under Under Not under 
federal federal federal federal 
inspection inspection inspection inspection 
federal federal 
inspection inspection 
Region 
(1.000 head) 
Northeast ................................................................................ 36.9 4.4 131.2 5.9 58.6 1.5 
East North·Central .................................................................. 70.6 4.8 309.7 9.2 36.0 :1.5 
West North·Central 
Missouri and Kansas........................................................ 86.9 4.1 327.9 5.7 107.9 1.5 
OtheI states ...................................................................... 128.2 3.4 718.3 2.0 178.6 0.1 
South Atlantic .......................................................................... 49.2 3.5 137.1 7.4 0.3 
South Central............................................................................ 69.8 4.6 103.5 4.4 60.4 0.6 
Mountain .................................................................................. 43.3 2.5 49.4 3.1 71.9 0.7 
Pacinc ...................................................................................... 37.0 5.6 75.3 3.1 41.5 2.6 
Total ........................................................................................ 63.2 4.4 234.2 5.9 64.8 1.8 
• U. S. Department ot AgricuItUl .... Livestock and meat statistics. 1957. U. S. Dept. Agr. Stat. But. 230. July 1958. 
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Fig. 9. Total meat production and livestock slaughtering establish· 
ments under federal inspection, 1920·59. 
Zl = farm production of cattle and calves in bil-
lions of pounds liveweight in 1954; 
Zz = farm production of hogs in billions of 
pounds liveweight in 1954; 
Za = human population in millions of persons in 
1954. 
These data show the decreasing importance of 
human population, Za, and the increasing impor-
tance of livestock production in explaining the 
Table 7. Percentage of total livestock slaughter under federal inspec. 
tion, by species and region, 1954." 
Region 
Northeast •.........••.............•....•........... 
East North·Central ....•.....••...••......•.... 
West North-Central 
Missouri and Kansas ..................... . 
Other states ................................... . 
South Atlantic ..•.................••.............. 
South Central ....................•............... 
Mountain .••...........................••.......... 
Pacific ...............................•.............. 
:rotal •.....•....•.... -.................•........•...... 
Commercial .laughter 
under federal inspection 
Cattle and Sheep and 
calves Hogs lambs 
63 74 86 
66 77 64 
87 
95 
46 
68 
76 
72 
70 
94 
99 
51 
64 
72 
83 
83 
9U 
100 
o 
94 
94 
85 
89 
• U. S. Department of Agriculture. Livestock and meat .tatistics. 1957. 
U. S. Dept. Agr. Stat. Bul. 230. July 1958. 
number of establishments of a specified size class 
in any of the 48 states for which estimates were 
available. For the smallest size group, only the 
population variable is significant at the 1-percent 
level. (Following customary usage significance at 
the 1-percent level is indicated by two asterisks, 
while significance at the 5-percent level is indi-
cated by one asterisk.) An increase of 1 million 
in state population is associated with an increase 
of 6.246 establishments in the specified size class. 
For the largest size group, however, an increase of 
·1 million in state population is associated with an 
increase of 0.621 establishment, while an increase 
of 1 billion pounds of liveweight production of 
cattle and calves or of hogs, respectively, is 
associated with an increase of 1.292 and 2.255 
establishments. The effect of cattle and calf 
production, however, is significant only at the 5-
percent level. 
The statistical relationships in equations 1.1 
through 1.3 were used to estimate the number of 
establishments in each of the three size groups. 
When the estimated values differed from the re-
ported values for each state by more than 50 per-
cent of the average number of establishments per 
state in 1954, the states thus identified were listed 
separately (with the difference between the two 
values shown in parenthesis) in table 9. 
States with major wholesale food centers, or 
with an early start in meat packing, generally 
showed a greater-than-expected number of estab-
lishments in each of the size classes. Most of the 
New England and New York retail meat markets, 
Table 9. Difference between reported and predicted number of es· 
tablishments, by size class and states, 1954. 
Number of 
employees per 
establishment 
Reported greater 
than predicted 
number 
1 to 19 employee ............. Penn.ylvania (44) 
Ohio (58) 
Indiana (49) 
Michigan (22) 
Texas (26) 
Washington (24) 
Oregon (28) 
20 to 249 employees ........ Penn.ylvania (22) 
Ohio (20) 
Georgia (11) 
California (13) 
250 or more employees .... New Jersey (2.0) 
Pennsylvanin (1.8) 
Ohio (5.0) 
Illinois (3.0) 
Kan.as (2.5) 
Georgia (2.0) 
Utah (1.7) 
Reported less 
than predicted 
number 
New York (38) 
Minnesota (17) 
Iowa (20) 
Massachusetts (11) 
New York (32) 
Illinois (9) 
Iowa (10) 
New York (4.1) 
Michigan (3.2) 
Iowa (1.9) 
North Carolina (3.2) 
Alabama (2.6) 
Louisiana (2.1) 
Table 8. Average number of slaughtering establishments operating under federal inspection and average annual slaughter per establishment, by 
livestock species and 5·year period, 1920.59." 
Cattle Calves Hogs Sheep and lambs 
---
f) .. year l,el'i",1 Estab- Estab- Entab- Estab· 
Iishments Hend per lishments Hend per lIshments Head per li.hments Hend per 
slaugh- e9teb- slaugh- estab· slaugh. estab· slaugh. esteb-
tering Ii.hment tering li.hment tering lishment tering lishment 
1920-24 ........•..................................................................... 272 32.049 270 15,925 254 177.926 222 52.598 
1925-29 ................... _ •••• _ ••••• _. _____ .... _ .... _~ ....... uu ............ ____ • ______ 256 36.178 263 18.670 243 185.334 204 64,075 
1930·34 .............................................. __ .......... ----......... -........ 248 34.275 252 19.689 232 194.297 207 83.326 
1935-39 .......... ____ ................................... __ ...... ···· .... ···u ......... 250 40.008 243 23,731 214 160,401 191 91,551 
1940-44 .................... ---_ ...................................................... 316 37.222 297 19,932 260 217,895 246 83.338 
1945-49 ••••••••••••••••• n ••••••••••• __ •• ____ .. __ ~·· ___ ·······_ .............. ~ .... __ ••• _ 433 31.252 329 20.735 285 165.110 219 77,784 
1950-54 _ .. _ ............................................. __ ......... --....... _ ........... - 394 37.690 309 19.880 262 219.814 198 63.427 
1955-59 _ .. __ ...... _._ ............................ -._-........ -....................... 449 41,743 336 19.793 263 240,463 222 61.053 
• U. S. Department of Agriculture. Livestock and meat statistics, 1957. U. S. Dept. Agr. Stst. Bul, 230. July 1958 (and yearly supplements). 
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for example, generally are handled by packers lo-
cated in Pennsylvania, Ohio or the Middle West. 
Also in these estimates, Iowa appears with less 
than the expected number of establishments in 
each size class, which indicates a substantial ship-
ment of livestock to other states fOl' slaughter 
purposes. Finally, Georgia packing plants would 
appear to have some locational advantages not 
available to packing plants in North Carolina, Ala-
bama and Louisiana. More recent data, however, 
reveal changes from the 1954 patterns in the ex-
tent of geographic specialization in livestock 
slaughter as a result of plant abandonment and re-
location during the latter part of the 1950's. These 
locational changes are discussed later in this re-
port. 
Consumer Markets for Meat Products 
The growth of population and personal income, 
the changing patterns of consumer tastes and the 
competition of other goods and services are the 
principal economic factors affecting the demand 
for meat products. Insofar as these changes occur 
at differential rates within the United States, the 
geographical location of the meat packing indus-
try will shift to some extent in response to the 
changing spatial pattern of the consumer markets 
for meat products. In this section, two facets of 
the demand for meat products are reviewed brief-
ly: the aggregate growth of population and in-
come, and the interspatial and intertemporal dif-
ferences in consumer demands. 
Aggregate Population and Income Trends 
The total national population is foremost among 
the demand determinants with reference to meat 
consumption. When the total population and the 
tastes of this aggregate consumer market are 
stable, however, income changes are the major 
source of instability in consumer demand for meat. 
Consumer tastes are not stable, nor is the compo-
sition of the consumer market in terms of house-
hold size and total number of households. When 
analyzing changes in per-capita demand for meat, 
income effects al'e confounded with the effects of 
changing tastes and household composition. In 
addition, price variability among meat items and 
meat substitutes contribute to further short-term 
changes in meat consumption. 
Underlying the regional projections of total 
meat consumption used in this study were studies 
of prospective aggregate meat consumption in the 
United States. Recently, Koffsky presented some 
population projections for 1980 ranging from a 
low of 225 million to a high of 278 million.' These 
projections, which were prepared by Resources 
for the Future, present a somewhat wider range 
than the Census Bureau projections of from 231 
million to 273 million. The "medium" projection 
cited by Koffsky was 244 million persons-an in-
crease of 38 percent from 1959 population. Other 
• !':ee: Nathan M. Kof'sky. Potential deMand fo,' farm Ilroducts of the 
next Qllul'tel' centurY. Paper 1!l"esented at. the Seminal' on Dynnm[es or 
Land Use. Iowa Stnte Unive,·.ily. Arr.es. Iown. May :1. l!1f>O. 
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projections prepared in the United States Depart-
ment of Agriculture show a 31-percent increase in 
population from 1959 to 1975. These projections 
served as the basis for the estimates shown in 
table 10. 
Projections of per-capita income involve addi-
tional uncertainties regarding future economic 
conditions, including, particularly, over-all eco-
nomic productivity and growth. In this connection, 
the projections prepared by Rex Daly in 1957 
were used as a basis for developing a set of re-
gional income projections for future years.!) The 
Daly projections, however, are adjusted to the 
population and income levels shown in table 10. 
The projected increases in population and per-
capita income are related to changes in per-capita 
consumption in terms of assumed demand elastic-
ities and prices. Koffsky recently presented, with 
slight modification, the income and price elastici-
ty coefficients used by Daly. According to the 
Koffsky data, a 10-pel'cent increase in per-capita 
income is associated with a 4.8-percent increase in 
meat-animal utilization, given the total population 
and market prices. If live prices were to increase 
10 percent, however, meat-animal utilization would 
decrease by 3 percent. 
To establish the projected price levels, Daly 
presented two sets of assumed prices-one to ap-
proximate 1956 domestic price levels for farm 
products as a whole and the other to approximate 
1956 world prices for major export crops and feed 
grains with livestock prices related through his-
torical product-feed price relationships. These 
prices, along with the projected population and 
income levels, were involved in the derivation of 
the projected per-capita consumption of meat and 
related products. 
Two sets of consumption projections were pre-
pared based on the 1957 Daly projections. The two 
sets of data are summarized in table 11. The two 
:' Re:;:: F. Daly. Pl'o."llectivt:! domestic demnnc1s 101' foad and fibcl'. In: 
PoJiC'y fOl' com:n~I'("ial !lg'ri('uitUI"(', U. S. Govt. PI'jnt. Off '. \V~l~hing'ton. 
n. C. 1!1~,7. Ill'. 1IJR-11~. 
Table 10. Reported and p:ojecled values of basic eoono",ic facie,s 
affecting consumer demand for meat, 1955·65." 
lli"llo"ahlc 
I)et'~onnl 
Yeat' P01Hllatjnnh in('ome f ' 
(million") (billinns) 
1 Hr.!"t-!i7 .............. 11i8.~ *~!l1.7 
1 !)!>8 .................. 17·1.1 ::1 fi.r. 
1 !J!'i ~I. ...... _ .......... 177.11 :1::::,,1 
Prt.jertions: 
1 !lIiII .................. 180.1 :: t!i.S 
1!l!" .................. H:U ::!)8.H 
l!Hi:! .................. 1Rf).~ :l71.!_ 
l!)ti:: .................. 18!!.:: ::S!).i 
1 %4.. ................ 1 n:.!.:1 ·11111.11 
1 !lGr, .................. 1!)!i.7 41-1.8 
Per 
capita 
diNpnsnhl~ 
incom(l 
( ,lnlllll'") 
1, 7 :~:I 
1.S1 S 
l.RS·1 
1.!!~O 
1,9:17 
1.!1!!7 
~.O:~8 
~.O78 
:!.1 ~() 
Com-mmers' 
PI'ice Index 
(HI7-4!1 = 1nll) 
All 
items Food 
(Jlc)'centl (I'e"c(>nl) 
117.n 11 ~.7 
t:!:Lli 1 :!O.:: 
1 ~·I.!i 118.:l 
1 ~.J.(; 1111.:: 
l~U; 118.:: 
1 ~·I.n 118.:: 
1 ~ lor. 118.:: 
D·I.!; 118.:: 
1 ~4.f> 118.:: 
" Re"OIt fl'om the U. S. Dermrtment of A~riculture: A .tnte-r.ent from 
the Lanu·Gr:lnt Advisory Committee On Fnl'm PI'ice untl Income Pr'o-
jections. 19{jO-6f). Unuet" Conditions Apl}l'oximatinJ.! Free Production 
and lIlarketinl! of Al!riculture Commodities. Sen. Doc. No. 77. 81ah 
rO'1~. :!nu Sess. Jan. jOt 19fiO. n. 5. 
h Tot 1.1 11Opulatio!\ inclLlCling armed. fOl'ces overseas. Fig'ttl'e~ fm' l!lHO 
and 1!1(;:; Cen,,,s "e!'i,·s II projections. Data fo,' 191;0 to 1!/!;4 are 
b ls~d on intel'11olaticms of Cens".ls Bureau llrojectiom ... 
" Income JJroje~tion!!) ml,!!)utne n constant I'etail l11'ice lev(·1 of 1~4.(; I:er-
['(lnt nr IH47-49 aVeI'Hj.W. 
Table 11. Reported and projected pe",capita consumption of meat and 
rela ted items.' 
Projected Projected 
1954-58 1965 1975 
Item average 1959 I" n e Ib lIe 
(pounds) 
Meat ........................ 159 162 164 169 170 177 
Poultry .................. 30 30 30 31 32 33 
48 48 49 50 51 53 Eggs -------_ .. __ .. _-------
700 714 721 742 749 777 Milk .................. __ .... 
• Based On data obtained from: Rex F. Daly. Prospective domestic 
demands for food and fiber. In: Policy for commercial agriculture. U. S. 
Govt Print Off., Washington, D. C. 19'57. P. 110. 
"Approxim;'tes 1956 price levels for farm products as a whole. feed 
e Approximates 1956 world prices for major export crops and 
grains with livestock prices related through historical product-feed 
price relationships. 
levels of consumption for each of the two periods 
relate to the two assumed price levels just men-
tioned. 
Intertemporal and Interspatial Differences in Consumer 
Demands 
Because of geographical differences i? per-
capita consumer incomes, .tastes and pn~es of 
competing goods and serVIces, th~ quan~Ity of 
meat consumed per person at a gIven pnce per 
pound will vary among areas. The meat consumed 
may be of identical quality in these ru:eas,. and yet 
the quantity consumed per perso~ WIll dIffer .. If 
the relationships between per-capIta consumptIOn 
and each of the factors affecting consumption are 
available the effect of a specified change in the 
price of 'meat could be estimated for each area. 
For most areas however, estimates of the rele-
vant demand reiationships are not available. 
Intertemporal differences in consuf!1er demand 
for meat include the long-run changes m consumer 
preferences which result in changes in the pat-
tern of total expenditures among specified goods 
and services. Of more immediate consequence, 
however, are the week-to-week changes in meat 
prices which are associate~ with inverse changes 
in consumer purchases. Fmally, seasonal changes 
in weather and eating patterns contribute to sea-
sonal shifts in consumer demand for meat prod-
ucts. . 
The 1955 Household Food ConsumptIon Survey 
80 
75 
undertaken by the USDA served as a principal 
source of information on interregional differences 
in meat consumption.'· Major regional differ-
ences occur in the quality of beef and pork con-
sumed (as measured by price per pound) and the 
distribution of specified pork cuts. Becau~e of the 
high consumption of salt pork, per-ca~Ita con-
sumption estimates of cured pork are qUIte large 
for the South. More stewing beef also is consumed 
in the South than elsewhere. In addition, the rela-
tive consumption of beef and pork in the South 
differs from the pattern in other regions. Though 
considerably less beef is consumed in the South 
than elsewhere, high-income. urban households 
consumed more beef per capIta than the aver-
age household in the United States in the high-
income brackets ($8,000 and over).l1 
Consumers in the higher income groups in all 
regions purchase more of the expensive meat .cuts. 
The higher income households buy not only hIgher 
priced cuts but also pay more per pound for each 
meat cut purchased. The positive relationship be-
tween family income and price per pound of beef 
purchased, which is illustrated in ~ig . . 1Q, ~ay 
arise because of a form of product dIscrImmatIon 
among households. For example, in the purchase 
of federally graded beef, market price diffe:r:en-
tials correspond with grade differences. The pnce-
income relationship, moreover, is positive though 
less pronounced for a particular beef cut such as 
round steak. 
A positive price-income relationship is evident 
also for pork and pork cuts, as shown in fig. 11. 
For the United States as a whole, pork and beef 
price-income relationships parallel each other 
(though beef was the higher value product for 
each income group in 1955). In the case of pork 
cuts however, the determination of quality is som~what more difficult than with beef because 
of the lack of a comparable system of federal grad-
ing. 
,. Marguerite C. Burk and Thomas J. Lanahan. Use of 1955 food sur-
vey data for research in agricultural economics. Agr. Econ. Res. 10:73-
87. 1958. 
11 Harold 1<'. Breimyer and Charlotte A. Kause. Consumption patterns 
for meat. U. S. Dept. Agr. AlIIS-249, May 1958. pp. 20-21. 
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Fig. 11. Relation between fam· 
ily income after taxes and pork 
price per pound, April·June 
1955. 
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In each of the two figures, substantial regional 
differences are evident in the value per pound of 
meat purchased. These differences result partly 
from the added costs of marketing incurred by 
products shipped from a surplus-production region 
to a deficit-production, or excess-consumption, re-
gion. These added costs of marketing are small, 
however, when compared with the price differen-
tials reported in the 1955 survey cited earlier (see 
table 12). A major factor accounting for the sub-
stantial price differentials is the quality of meat 
consumed among the various regions. 
To explain the occurrence of quality differen-
tials in meat consumed in the United States and 
its regions, two factors are important: income and 
household composition.12 For much of the United 
States, a positive consumption-income relationship 
and a negative consumption-household size rela-
" Merchandising practices and the availability of high.quality meat also 
a~e important considerations in accounting for existing meat consump-
tIOn patterns. These factors, however, are assumed to be less important 
tban income and household composition in the long run. 
tionship account for a major part of the spatial 
variability in the demand for meat. In a recent 
study to determine the influences of family income 
on food consumption at home, the findings (which 
were based on the 1955 Household Food Consump-
tion Survey) show that, at the average income 
and consumption per person and household size, a 
I-percent increment in income per person was 
associated with a O.37-percent increase in the 
value of consumption pel' person in low-income 
households, a O.31-percent increase in the value of 
consumption per person in medium-income house-
holds and a O.16-percent increase in high-income 
households. I!! Meat consumption per person, fur-
thermore, was smaller in the larger households. 
This latter pattern was attributed to several fac-
tors-the savings in values obtained through bulk 
purchases, the smaller proportion of waste and 
the higher proportion of children who eat less 
" George R. Rockwell, Jr. Inrome and household size: Their effects 
on food consumption. U. S. Dept. Agr. Marketing Res. Rept. 340. 
June 1959. P. 3. 
Table 12. Estimated quantity of meat and related items purchased per capita and price per pound, by region, 1954." 
Northeast North Central South West 
Quantity Price Quantity Price Quantity Price Quantity Price 
per per per per 
person pound person pound 
per per per per 
person pound person pound 
Item 
(pounds) (cents) (pounds) (cents) 
11 73 18 80 
(pounds) (cents) (pounds) (cents) 
19 88 20 77 
Beef 
Steaks ........................................................................... . 
Roasts ..... _ ......... _ .. _ ................................. _ .... __ ......... ____ .. _. 17 70 19 61 9 55 16 58 
Other _ .. __ .... _ ................................................................... . 26 60 27 52 18 41 22 56 
'1'otalb ....................................................................... . 62 70 65 59 38 55 56 60 
Pork 
Fresh, frozen ................................................................. . 22 63 26 57 19 53 20 60 
Cured. smoked ............................................................... . 23 68 27 61 34 50 26 62 
Other ............................................................................ .. 1 100 1 75 c/ 100 3 85 
Totalb ....................................................................... . 46 65 54 59 53 5!! 49 63 
Luncheon meat ................................................................. . 18 63 21 60 15 50 19 58 
Veal ................................................................................... . 6 82 4 62 ~ 64 4 65 
Lamb ........... _ ..................................................................... . 9 70 2 75 1 62 7 124 
Poultry ............................................................................. . 39 54 27 51 ~G 50 ~G fi8 
Fish ................................................................................... . 19 62 10 57 13 44 12 65 
".Converted to a 52·week basis f':"m data reported for 1 week during April to June. 1954. In: U. S. Dept. Agr. 1955 Household Food Consump· 
tlon Survey. Report. Nos. 1-5. U. S. Gov't Print. Off., Washington. D. C. 1957. 
b Excluding luncheon meat. 
e Less than 0.5 pound. 
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than adults.14 In addition, the larger number of 
competing uses for each dollar of family income 
in the larger households should be taken into 
account. 
Since income and household size account for 
much of the interregional differences in meat 
demand, these two variables are examined briefly 
in terms of the data reported in the 1955 House-
hold Food Consumption Survey. With reference 
to 1954 money income after taxes, the N orth-
comprising the Northeast, North Central and 
West census regions-differed substantially from 
the South. The percentage of people in each in-
come group differed also according to residence. 
The urban population generally received a higher 
annual income per household than did the rural 
population. 
According to the findings from the 1955 survey, 
the place of residence also accounted for sharp 
differences in family size and composition. Not 
only were rural households larger in each of the 
four age brackets for homemakers, but the per-
centage of children under 16 years also was larger. 
These differences associated with urbanization ex-
plained sUbstantially the household characteristics 
of the more rural South. The degree of urbaniza-
tion, however, represents a composite of factors 
including income distribution and social attitudes. 
The evidence from the 1955 Household Food 
Consumption Survey leads to a series of conclu-
sions as follows: Given the size and age compos-
ition of households, meat consumption and the 
value per pound of meat purchased is directly 
related to income. As the age composition of 
"Ibid. p. 40. 
households varies, however, and the average size 
of household varies accordingly, the per-capita 
consumption of meat and the value per pound of 
meat purchased varies inversely with the change 
in average household size for any given income 
group (see tables 13 and 14). Finally, because 
income and household size generally are inversely 
correlated, meat consumption per person appears 
to decline with increasing income after a peak 
consumption level is reached which is somewhat 
above the average income level of the population. 
For purposes of long-range projections of meat 
c::msumption, estimates of both disposable income 
and household composition are needed to show 
their effects on the demand for meat products. 
Feed-Livestock Economy 
Though all meat packing and related businesses 
are affected in some way by consumer demands 
for meat products, the larger establishments in 
particular are influenced in their location by the 
availability of livestock supplies. To evaluate the 
feasibility of alternative geographical areas as 
potential sites for meat packing plants, estimates 
of prospective costs ranging from the costs of 
livestock production to the costs of meat distribu-
tion at each of these sites are useful. If the needed 
livestock supplies are not forthcoming in a par-
ticular area, then additional procurement costs 
are incurred to maintain plant operations at an 
economical level. Furthermore, if any of the com-
ponents are SUbstantially out of line in comparison 
with costs incurred by competitors, and if no com-
pensating advantages accrue to a business at its 
present location, then major Iocational changes 
may be necessary. Thus, locational changes may 
Table 13. Average household size and percent of households with children under 16 years, by age of homemaker and income group April to June 1~~ , I 
Average household size Households with children under 16 years 
Residence 
Age of homemaker Region 
Rural Rural 
North South Urban nonfarm farm 
(number) 
Under 30 years __ ....... ___ .. __ ... __ ... _ ...... 4 .... __ •• •• 3.6 3.8 3.5 3.8 4.2 
30·49 years ......... __ ............. __ .. ____ .... __ .. __ ....... - 3.9 4.0 3.8 4.0 4.9 
50·59 years ... __ ........... __ ........................ __ ...... 2.8 3.5 2.7 3.4 3.5 
60 years and over ...................................... 2.5 2.9 2.5 2.6 2.8 
All Region 
house-
holds North South 
3.6 81 84 
4.0 75 69 
3.0 18 32 
2.6 9 13 
Urban 
(percent) 
80 
72 
17 
10 
Residence 
Rural 
nonfarm 
85 
73 
27 
11 
All 
Rural house. 
farm holds 
90 82 
78 73 
33 22 
12 10 
n U. S. Dept. Agr. Food conSUmption and dietary levels of households as related to the age of homemaker, United States by regions Household food 
consumption survey. 1955. Report No. 14. U. S. Govt. Print. Off .• Washington. D. C. 1959. •. 
Table 14. Pounds per person and value per pound of meat used in a week, April to June. 1955, by age of homemaker and family income after 
taxes." 
Family income after income taxes (dollars) 
Under 2.000 2.000-3.999 4.000-5.999 6.000 and over All incomes 
Age of homemaker Quantity Value QUantity Value Quantity Value Quantity Value Quantity Value 
per per per per pcr per per per 
person pound person pound person pound person pound 
per per 
person pound 
(pounds) (cents) (pounds) (cents) (pounds) (cents) (pounds) (cents) (pounds) (cents) 
Under 30 years .................................... ····.· 2.08 49 2.66 54 2.94 61 3.06 64 2.78 58 
30.49 years ........................................... ······· 2.22 47 2.90 55 3.19 61 3.36 67 3.06 60 
50-59 years ........................................... ······· 2.52 50 3.12 58 3.58 64 3.64 71 3.30 63 
60 years and over .... :................................. 2.29 53 3.07 59 3.33 65 3.42 67 2.89 59 
n U. S. Dept. Agr. Food consumption and dietary leve!s of households as related to the age of homemaker. United States by regions Household food 
consumption survey, 1955. Report. No. 14. U. S. Govt. Print. Off., Washington. D. C. 1959. •. 
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occur because of changes in the competitive posi-
tion of various areas in livestock production or 
because of related changes in the costs of pro-
curement, manufacturing and distribution incur-
red by establishments at various sites. 
Aggregate Feed and Livestock Production 
According to USDA estimates of production 
prospects for feed and livestock, the production of 
feed grains will increase because of the prospects 
of continued increase in the yields per acre of 
feed grains.15 Assuming 1959 acreages for indi-
vidual crops and average weather, the prospective 
production of feed grains would be 5.5 million 
tons greater in 1964 than in 1960. Hay yields also 
are expected to increase gradually in 1960-65, 
which, despite a decrease in harvested acreage 
to allow for expansion of the Conservation Re-
serve, would mean expansion of hay production to 
the peak level reached in 1957-58 of about 120 
million tons. Finally, because of improved pas-
tures, feed consumed from pasture is expected to 
increase to 131 million feed units, or 1.21 feed 
units per roughage-consuming animal unit. Over 
the next 4 01' 5 years, therefore, prospective feed 
supplies from current production are ample for 
substantial increases in the output of livestock 
products. 
Intertemporal and Interspatial Differences in Feed and 
Livestock Production 
In the USDA report cited earlier, regional dif-
ferences were shown in the geographical pattern 
of feed-grain production from 1940 to 1958. The 
Plains states and the West (namely, regions VI 
and VII and the western half of regions III 
and V in fig. 4), which supplied 27 percent of the 
total feed-grain production in 1956-58, accounted 
for 36 percent of the 35.4 million tons increase in 
production over the period from 1940-42 to 1956-
58. In the more recent period-1952-53 to 1957-58 
-this area of the United States accounted for 63 
percent of the increase of 31.7 million tons in 
total production. Both yields and harvested acres 
15 Raymond P. Christensen, Sherman E. Johnson and Ross V. Baumann. 
Production prospects for wheat, feed and livestock, 1960·65. U. S. Dept. 
Agr. ARS 43·115. December 1959. 
increased in the Plains states and the West during 
this later period. The longer run production 
changes, however, were due largely to increases 
in yield pel' acre of feed grains. This same area, 
which accounted for 42 percent of the production 
of hay in 1956-58, also experienced the largest 
percentage increases in hay production during the 
period from 1940-42 to 1956-58. Pasture and 
range conditions in the West have fluctuated 
greatly, however, depending upon the weather. 
The two Jennings reports cited in table 15 pro-
vide some further basis for comparing the distri-
bution of feed production and consumption and 
production among the seven census regions. In 
table 15, the percentage distribution of production 
and consumption of major feed categories was 
computed from data reported both in actual 
weight (see footnote a) and in feed units (see 
footnote b). The statistical results show a rather 
close correspondence between production and con-
sumption. In the case of concentrates, for exam-
ple, only 20,388,000 tons from a total national 
production of 147,720,000 tons-13.8 percent of 
the total production - entered interstate com-
merce. Practically all of these shipments-all 
but 721,000 tons-originated from the 12 North 
Central states. Moreover, a major part of these 
shipments - 9,105,000 tons - represented inship-
ments in the 11 Northeastern states. 
Geographical differences in the composition of 
feeds consumed by livestock are related to geo-
graphical differences in animal agriculture (table 
16). East of the Mississippi River, for example, 
concentrate feeds made up the major part of total 
feed consumption, while, in the regions west of 
the Mississippi River, pasture and harvested for-
age were the most important feed sources. Be-
cause of the feed-oriented location patterns for 
most livestock production, considerable stability 
exists in relative livestock numbers in the seven-
region feed-livestock economy. 
PROSPECTIVE AGGREGATE DEMAND AND PRICE 
STRUCTURES IN THE L1VESTOCK·MEAT ECONOMY 
Before estimating prospective regional patterns 
of livestock production and meat consumption, a 
series of equilibrium prices was developed for the 
Table 15. Percentage of specified feeds produced and consumed by livestock in various regions, 1949·50. 
Concentrates' Harvested forage" 
Region 
Production 
Northeast 
East North.Central .......................................................... .. 
West North·CentraL ......................................................... . 
Southeast ........................................................................... . 
West South·CentraL ........................................................ .. 
Mountain .......................................................................... .. 
Pacific ............................................................................... . 
All region .......................................................................... . 
4.7 
31.1 
40.6 
11.1 
6.4 
3.0 
3.1 
100.0 
Fed to 
livestock Production· 
11.3 12.7 
25.8 19.3 
34.3 30.7 
14.8 11.9 
7.1 5.4 
2.7 11.2 
4.0 8.8 
100.0 100.0 
All feeds 
Fed to consumed by 
livestock Pastureb livestockb 
13.5 3.9 8.7 
19.5 12.6 19.5 
30.1 24.1 29.9 
12.1 15.9 14.9 
5.1 23.2 13.2 
11.0 14.2 8.3 
8.8 6.1 5.5 
100.0 100.0 100.0 
• R. D. Jennings. Feed consumed by livestock, supply and disposition of feeds, 1949·50. U. S. Dept. Agr. Stat. BuI. 145. 1954. PP. 67. 70. 
b R. D. Jennings. Relative use of r.,.ds for livestock including pasture--by states. U. S. Dept. Agr. Stat. Bul. 153. 1955. p. 27. 
°Hay only. 
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Table 16. Percentage of total feed consumption by livestock in specified regions, composed of various kinds of feed, 1949·59.· 
East West West All Feed Northeast North·Central North·Central Southeast South·Central Mountain Pacific regions 
Concentrates : 
Formula feed .......................................... 37.8 7.9 
Corn ....•................................................... 11.9 35.1 
Other grain .............................................. 6.0 10.8 
High.protein feeds .................................. 0.9 1.8 
Other by.products ....... ___ .... __ .................... 0.3 0.5 
Total .................................................. 56.9 56.1 
Seeds and skimmilk .................................... 0.5 1.1 
Harvested forage: 
Hay 
----------------------------------_ .. _---------_ ..... _--- 19.8 13.6 
Other dry roughage ............... _ ................ 0.3 0.5 
Silage and beet pulp .............................. 6.1 5.0 
Total -_ .. --.. ---.--_ ..... -----........... --.. -... __ .. _- 26.2 19.1 
Pasture __ ._0._0 ...••.•• __ ••••••. ___ •••• ___ . __ ••...• __ .•.....• 16.4 23.7 
All feed ........................................................ 100.0 100.0 
"Based on data reported ill; R. D. Jennings. Relative use of feeds for 
1955. P. 27. 
entire livestock-meat economy.16 The series of 
equilibrium prices was generated by using a re-
cursive system of equations depicting the perform-
ance of selected parts of the livestock-meat econ-
omy during the 12-year period, 1949-60. The 
predicted equilibrium prices were compared with 
reported prices for the 1949-60 period. The credi-
bility of the forecasting procedure was ascertained 
from an examination of its predictive precision 
for the historical period. To present the price 
forecasting procedure, first the economic model 
is discussed in general terms, and finally the em-
pirical results are listed in tabular form and de-
scribed with reference to the specific research 
objectives. 
Economic Model 
Livestock prices were generated by derived de-
mand functions for each of the major livestock 
species. The latter were based on wholesale de-
mand relationships which included per-capita ci-
vilian consumption from commercial supplies of 
specified meat items, per-capita income and annual 
trend as explanatory variables. Commercial sup-
plies of the major meat products were derived 
from estimates of livestock on hand Jan. 1. The 
latter forecasts were derived from statistical re-
lationships depicting livestock on hand Jan. 1 as 
a function of specified livestock prices for one or 
more preceding time periods. 
Supply Relationships 
Each major livestock class included in this re-
port-calves, cattle and hogs-was described, first, 
in terms of the USDA annual balance sheet esti-
mates. In general form, the balance sheet esti-
mates are prescribed by the algebraic expression, 
llHijt + Bit + lit = Mit + Dlt + l.lHllt+l 
ij ij (2.1) 
,. The equilibrium price series was developed originally for a rather 
specialized purpose-short·term forecasting of livestock markets. Further 
discussion of these procedures will be included in a forthcoming publi. 
~atlon of the Iowa Agr. and Home Eeon. Exp. Sta. on "Programming 
Market Plant and Facilities Requirements in the Livestock·Meat Econ· 
omy by Quarter Year." by Wilbur R. Mnkl and Charles Y. Liu. 
5.0 13.7 7.9 2.9 22.1 10.9 
33.9 27.6 10.5 2.9 3.4 23.8 
1Q.1 2.8 3.7 6.0 6.0 7.4 
1.2 1.6 2.9 2.1 1.5 1.7 
0.4 0.5 0.5 0.6 1.0 0.5 
50.6 46.2 25.5 14.5 34.0 44.3 
2.0 2.5 1.8 0.7 0.8 1.6 
13.8 10.8 5.3 19.7 23.7 13.7 
0.8 1.4 2.6 0.6 0.2 1.0 
2.6 0.7 0.3 1.7 0.9 2.6 
17.2 12.9 8.2 22.0 24.8 17.3 
30.2 38.4 64.5 62.8 40.4 36.8 
100.0 100.0 100.0 100.0 100.0 100.0 
livestock including pasture - by states. U. S. Dept. Agr. Stat. Bul. 153. 
where H\jt = number of head of i-th livestock 
(species), j-th market class, on hand 
Jan. 1, t-th year. 
B\ t = number of head of i-th livestock 
born and saved during t-th year. 
lit = number of head of i-th livestock 
state inshipments during t-th year. 
Mit = number of head of i-th livestock 
marketings during t-th year. 
Dit = number of head of i-th livestock 
deaths during t-th year. 
To predict each of the balance sheet variables 
for future time periods, a large assortment of ex-
planatory factors was identified and related to the 
dependent (balance sheet) variable by a mathe-
matical equation of linear form in the variables. 
The regression relationships (accounting for the 
explained variation in the dependent variable) 
were based mostly on data covering the 12-year 
period 1949-60. The method of least squares was 
used to derive the regression coefficients. 
The algebraic expression for estimating each 
set of supply coefficients was of the form, 
A 
Xi t = ai + lblj Y j t-m + lClkZkt-n, j k 
(2.2) 
where Xit = number of i-th livestock for t-th pe-
riod (specifically, one of the balance 
sheet variables included in equation 
2.1). 
Yjt-m = value of j-th nonprice variable of 
(t-m)th period accounting varia-
tions in Xi t. 
Zkt-n = value of k-th price variable of 
(t-n)th period accounting for varia-
tions in XI t. 
The regression coefficients specified the b lj units 
and Clk units change in XI t associated with a 1-
unit change, respectively, in Yjt-m and ZI<t-n. 
Each functional relationship used to predict the 
livestock numbers included in the balance sheet 
equation is listed in table 17. The explanatory 
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Table 17. Selected balance sheet relationships: callie, calves and hogs. 
Item Equation number 
Cattle and calves On hand, Jan. 1: 
Calves, dairy............................................................... 3.1 
Calves, other............................................................... 3.2 
Heifers, dairy.............................................................. 3.3 
Heifers, other ............................... ............................... 3.4 
Cows, dairy................................................................. 3.5 
CO\VS, other _______________ .... _______ .. _______ ...... ____ . _____ . ____ . __ ... _._. 3.6 
Steers, bulls, stags...................................................... 3.7 
Cattle and calves on feed........................................... 3.7a 
Calves 1:orn................................................................. 3.8 
Inshipments, cattle and calves................................... 3.9 
Marketings: 
Calves........................................................................... 3.10 
Cattle........................................................................... 3.11 
Deaths: 
Calves........................................................................... 3.12 
Cattle ........................................................................... , 3.13 
Farm slaughter: 
Calves........................................................................... 3.14 
Cattle........................................................................... 3.15 
Hogs and pigs on hand, Jan. 1: 
Hogs under G months................................................. 4.1 
Hogs, 6 months and over, sows. __________ ....... _ .. ____ ....... _ 4.2 
Hogs, other.................................................................. 4.3 
Eows farrowing: 
Spring.......................................................................... 4.4 
Fall.............................................................................. 4.5 
Pigs saved: 
Spring.......................................................................... 4.6 
FalL............................................................................ 4.7 
Inshipment, hogs................................................................ 4.8 
Marketings, hogs................................................................ 4.9 
Deaths, hogs....................................................................... 4.10 
Farm slaughter, hogs......................................................... 4.11 
variables for each equation are specified with re-
spect to form of variable and time period-price 
or nonprice and number of years lagged-such 
as P t - 1 , which denotes a price variable for the pre-
ceding year. 
Each of the variables cited in table 17 is de-
scribed in table 18. The sources of data also are 
listed. For this reason, only predicted data are 
presented in this report. 
Commercial slaughter of calves, cattle and hogs 
was predicted next using 1949-60 relationships 
and selected inventory and price variables. In 
addition to the commercial slaughter equations, a 
composite average weight and average yield equa-
tion was derived for each livestock class. These 
prediction equations were used to translate the 
balance sheet data into estimates of aggregate 
beef, veal and pork production in carcass weight 
equivalents. 
Demand Relationships 
To predict live prices, the commercial slaughter 
data were converted into per-capita consumption 
estimates by deducting net exports, inventory in-
creases and military utilization from the produc-
tion estimates and then dividing the residual 
series by the estimated civilian popUlation, Per-
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Dependent 
variable 
X, 
Nonprice 
variables 
Xl 
Price 
variables 
Z. 
Hilt 
H:':lt 
H1:.t H,,, 
Hl:lt 
.lH,,, H,,, 
H,.t 
Bll 
Da 
D" 
F" 
H.llt 
H.12t 
Hast 
lot 
Hut 
H::at-l 
H u t-1 
H:lt-l 
l' 
.6.H~2t-l C t 2t_l 
H~1t-l 
H",., 
Hl3t + H"" 
d (Hm., + H",.,) 
lit., . .lH", 
~H13tJ H:!3t 
2 3 
d l: l: H'lt, H ... 
i=1 j=2 
Ba, T 
2 
l: l: H'lt, T 
i=1 j=l 
Ea, T 
2 4 
l: l: Hilt, T 
i=1 j=l 
H3::t-l, S3:H.1 
l' 
H3::t-1, T 
H:!3t 
SO", T 
Salt, T 
Sm, T 
d (B3lt + B",), 1;1(., 
B3It + B:~2t-], 
B31t + BJ2t, T 
BlIlt + B:,:a-1, T 
p,t,·, 
P,tt·, 
dP,,,., 
PUt-1 
p,rt., 
P::st-1/! 
P::st.iI/2 
capita consumption of beef, veal and pork, to-
gether with per-capita disposable personal income, 
made up the major demand determinants for pre-
diction purposes. Because of the critical impor-
tance of the wholesale markets in price determina-
tion, the empirical price-quantity and price-income 
relationships represented wholesale demand func-
tions. The wholesale demand equations were lin-
C:1r in the variables and of the form: 
PW it = aj + l,8ijQjt + "yil ~It + "y i2T + SikWk , 
(5) 
where PWit = average wholesale price in cents (di-
vided by Consumers' Price Index) 
per pound liveweight equivalent of 
i-th meat class for t-th period. 
Qj t = per-capita civilian consumption from 
commercial supplies of j-th meat 
class, in pounds carcass weight 
equivalent, t-th period. 
~It = year-t,O-year change in per-capita 
disposable income, in dollars (di vid-
ed by Consumers' Price Index), t-th 
period. 
T = time, denoting consecutive quarter-
year periods starting with first 
quarter, 1949 (T = 1). 
Table 18. Description of selected variables for estimating balance sheet data: cattle. calves and hogs. 
Variable 
XI 
Units of 
meaSUre Source of data Description 
(1) Hll 
(2) H21 
1,000 head U. S. Dept. Agr. Stat. Bul. 230. table 7. Heifer calves less than 1 year old kept mainly for milk, on 
hand, Jan. 1. 
(3) H" .............. . 
(4) H2O .••••.•••.•.••• 
(5) H13 ••.••••••.••••• 
(6) H ••............... 
(7) H,. .............. . 
(8) H2 ••.......••...•• 
(9) H., •.............. 
(10) H ................ . 
(11) H.i .............. . 
(12-13) BI •.......... 
(14-15) BIl .......... . 
(16.17) S'l .......... . 
(18-19) II ............ . 
(20-22) MI •......•..• 
(23.25) DI .......... . 
(26.28) FI .......... . 
~. table 9. 
~. table 40. 
!!!!!., table 41. 
~., tables 26-27. 
~, tables 40-41. 
Other calves less than 1 year old, On hand, Jan. 1. 
Heifers 1 to 2 years old kept mainly for milk, on hand. Jan. 1. 
Other heifers 1 to 2 years old, on hand. Jan. 1. 
Cows and heifers 2 years and over kept mainly for milk, on 
hand. Jan. 1. 
Other cows and heifers 2 years and older, on hand. Jan. 1. 
Steers, bulls and stags 1 year and over, on hand, Jan, 1. 
Cattle and calves on feed, Jan. 1. 
Hogs less than 6 months old, on hand. Jan. 1. 
Sows 6 months and over, on hand, Jan. 1. 
Other hogs 6 months and over, on hand, Jan. 1-
Births: i = I, calves. 
Pigs saved: j = I, Dec.·May; j = 2, June·Nov. 
Sows farrowing: j = I, Dec .• May; j = 2, June-Nov. 
Inshipments: I = I, cattle and calves; I = 3, hogs and pigs. 
Marketings - sales by farmers (a) to packing plants, (b) 
through dealers and terminal markets and (c) through auction 
markets and to farmers In other states: i = I, calves; i = 2, 
cattle; i = 3, hogs. 
(29) p, ................ . $ per cwt. 
(30) p., ............. .. " 
(31) P ................. . 
U. S. Dept. Agr. Stat. Bul. 218, table 242. 
U. S. Dept. Agr., Agr. Handb. 118, table 17. 
U. S, Dept. Agr. Stat. Bul. 230, table 156. 
Deaths on farms: i = I, calves; i = 2, cattle; I = 3, hogs. 
Farm slaughter: i == I, calves; i = 2, cattle; i = 3, hogs. 
Average wholesale milk price received by farmers in the U. S. 
Index of prices received by farmers for sale of dairy products. 
Average price of U. S. Choice grade slaughter steers sold at 
Chicago public terminal market. 
(32) P.r 
(33) P •• 
(34) POb 
(35) P ................. . 
(36-37) Pal ........ _. 
Ibid., table 155. 
~., table 154. 
~., table 166. 
!!?!!! .. table 168. 
Average price of U. S. Choice and Prime grade feeder calves 
sold at Kansas City public terminal market. 
Average price of stocker and feeder .teers sold at Kansas City 
public terminal market. July.Dec. 
Average market price of vealer calves sold at Chicago public 
terminal market. 
Average price of slaughter barrows and gilts sold out of first 
hands at Chicago. 
Average prIce of slaughter barrows and gilts sold out of first 
hand at Chicago: j = 1. Jan.·June; j = 2, July-Dec. 
(38) P. ................. $ per bu. U. S. Dept. Agr. Stat. Bul. 159, table 25. Average price, No. 3 yellow corn, Chicago. 
(39) Pal .............. _ .......................... U. S. Dept. Agr. Stat. Bul. 230, table 168, P.i" U. S. Dept. Agr. Stat. Bul. 159, table 25. Average price of slaughter barrows and gilts sold out of first hand at Chicago, Jan • .June, divided by the average price of 
No.3 yellow corn at Chicago, Jan.·June. 
Wk = dummy variable denoting recurrent 
quarter-year periods starting with 
W1 = 1 for first quarter, Jan.-Mar., 
W 1 = 0 for all other quarters, and 
similarly for W2, Wa and W4 • 
Thus, PI! and 111 denote the price and income ef-
fects, respectively, while 112 and 81k denote the lin-
ear trend and recurrent seasonal effects, respec-
tively, on pwit. The coefficient ai, is the constant 
term for the regression equation, which denotes 
the value of the dependent variable when each of 
the explanatory variables is equal to zero. 
A set of live-tO-wholesale price relations trans-
lated the wholesale price relationships into equiv-
alent primary market demand equations. On a 
quarter-year basis, live prices were depicted as a 
function of wholesale prices with some constant 
quarter-to-quarter or year-to-year shifts from the 
long-run average live-to-wholesale price relation-
ships. A modification of the live price relation 
for beef cattle involved inclusion of total beef con-
sumption as an additional explanatory variable. 
In algebraic form, the two principal live price 
equations were: 
(6.1) 
(6.2) 
where Pli t = average primary market price in 
cents (divided by Consumers' Price 
Index) per pound liveweight of the 
i-th livestock class (i = 2, beef cat-
tle; i = 3, hogs), t-th period. 
C2 t-1 = total civilian consumption of beef 
from commercial supplies, (t - l)th 
period. 
Each of the remaining symbols is identical to the 
corresponding symbols in equation 5 and, hence, 
the earlier descriptions of these variables apply 
also to equations 6.1 and 6.2, 
In addition to the slaughter livestock price equa-
tions, a feeder price equation was specified to gen-
erate the 6-month Kansas City feeder steer price 
series needed in the beef-calf inventory and other 
balance sheet equations (see table 17). According 
to the economic model developed for this study, 
Kansas City feeder calf prices are affected by 
current Chicago slaughter steer and corn prices, 
steers on hand Jan. 1, the current trend in the 
feeder calf price and the past trend (lagged 1 
year) in the slaughter-steer priceY 
11 Actually, two feeder calf price equations were estimated as follows: 
POl .. = 2.226 + 0.956 00Pmt .• + 0.780"/lP •• t ... R' = 0.986 (6.1a) (0.044) (0.070) 
(Footnote continued on page 718) 
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Empirical Results 
The economic model represents a recursive sys· 
tern of equations in which the equilibrium live 
prices are dependent upon a series of previously 
derived equilibria of production and other price 
variables. Because of the number of computation· 
al steps involved in the prediction of live prices by 
quarter·year, the prediction error could be quite 
large, particularly if future levels of the explana· 
tory variables depart substantially from the aver· 
age values of these variables over the 1949·60 
period. Both the prediction equations and the pre· 
dicted values are presented, therefore, for as com· 
plete an evaluation as possible of the credibility 
of the price forecasting procedures described in 
this study. The empirical results are examined, 
first, with reference to cattle and calves and, fin· 
ally, with reference to hogs and pigs. 
Cattle and Calves 
Balance sheet data. Though three balance sheet 
variables were involved directly in the commercial 
slaughter predictions, the entire set of equations 
for cattle and calves corresponding to the equa· 
tions listed in table 17 is presented in table 19. 
Later in this report, each of the balance sheet 
items is discussed with reference to the regional 
estimates of slaughter livestock marketings. At 
this time, however, the empirical relationships are 
available for an initial evaluation of the recursive 
system of equations as the technical means of gen. 
erating the equilibrium price series upon which 
are based the analyses of interregional commodity 
shipments. 
On the basis of the data in table 19, year·to-
year changes in the three balance sheet variables 
-cows kept mainly for milk, H13 ; other cows, H23 ; 
and steers, H24-were explained largely by six 
variables. Of these variables, two-wholesale milk 
price, Plt-2; and time, T-were assigned fixed 
values for the forecast period from 1961-64. The 
remaining four variables-lagged beef-calf inven-
tory, H2lt - 1 ; first difference of beef-heifer inven-
tory, fl.H 22t ; lagged beef-cow inventory, H23-1 ; and 
lagged slaughter-steer price, P2t-1-were estimated 
with a rather high degree of precision, as sug-
gested by the R2'S and the standard errors of the 
regression coefficients. In the beef-calf inventory 
equation, for example, the two variables-lagged 
beef-cow inventory, H23-1 ; and lagged feeder-steer 
price, P2ft-3/2-explained 95.2 percent of the varia-
tion in the dependent variable, H21t , during the 
12-year period 1949-60. For the lagged beef-cow 
variable, a 1-unit change was associated with a 
(Footnote 17 continued) 
i"u = -0.456 + 1.400··P •• t - 7.310P" + 0.447".1P22ft. (0.174) (3.371) (0.101) 
R' = 0.935 (6.1b) 
where P'jt = average price. in dollars per 100 pounds of U. S. Choice 
and Prime grade feeder calves at Kansas City; J = '. Jan.-June; 
J = '. July-Dec. 
P •• = average annual price. in dollars per 100 pounds of U. S. 
Choice grade steers at Chicago. 
P. = average annual price. in dollars per bushel. of No. 3 yellow 
corn at Chicago. 
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Table 19. Estimated effects on specified balance sheet variables, in 
1,000 head, of a I-unit change in selected explanatory vari. 
ables, cattle and calves, 1949·58. 
Estimated balance 
sheet variable 
Xi 
Calven: Hl1 ............ 
H 21 a. •••••• ______ 
Heifers: H .............. 
H22 ft • ___ ........ 
Effect On balance sheet 
variable of a 1-unit change in: 
Nonprice Price 
variable variable 
Y, Z. 
0.263 0 380.5320 
(0.092) (128.573) 
0 .. 6920' 107.467" (0.052) 
1.139" 
(34.245) 
(0.054) 
37.114" 0.235" (0.018) t8.253 ) Cows: H13· ............ -94.010" -3 7.065·' (29.04) (48.410) 
.a.H23" •.•.•.•.•..• 2.095·· -0.130· 90.680' (0.406) (0.049) (31.940) 
Steers: H2-ia •••••••••••• 0.416·' 87.236'· (0.033) (15.848) 
On feed: H:!:till •••••••••• 0.305'· 45.643 (0.031) (14.708) 
Calves born: B, ...... 0.925·· 0.504' (0.025) (0.179) 
1nshipments: I, ........ 0.776'· -0.154 -59.126 (0.194) (0.206) (45.646) 
Marketings: M, ...... 1.S76 0.305'· -92.502 (1.052) (0.OS2) p9.13S) 
M, ...... -0.190 2.70S·· - 41.801·' (0.272) (0.422) (101.758) 
Death.: D, .............. 0.040" -35.714' 
D, .............. 
(0.004) (4.422) 
0.012" -35.0'56·' (0.004) (10.S24) 
Farm slaughter: 
F, ............. 0.007 -16.641·· (0.004) (4.100) 
F ............... 0.009'· -1.093 (0.002) (6.018) 
Constant 
term 
1 
-1.547.8 
-812.3 
-1.513.6 
674.1 
27,'579:5 
2,701.5 
-486.6 
-608.1 
-2.841. 7 
4,007.5 
9,573.0 
10,431.6 
1.019.7 
595.9 
318.6 
42.7 
• Significantly different from zero at the 0.05 probability level . 
•• Significantly different from zero at the 0.01 probability level. 
• Based on data for the 12-year period. 1958-60. 
R' 
0.738 
0.952 
0.982 
0.962 
0.881 
0.875 
0.946 
0.915 
0.995 
0.843 
0.831 
0.949 
0.933 
0.603 
0.765 
0.878 
0.692-unit change in the dependent variable. Since 
the standard error of the regression coefficient was 
0.053 units, the t-value was substantially in excess 
of a t-value denoting a regression coefficient sig-
nificantly different from zero at the 0.01 proba-
bility level (even with only 9 degrees of freedom) . 
To further evaluate the prediction errors of the 
balance sheet equations, the predicted values of 
each of the inventory variables were computed 
for the period 1954-64. For the first 7 years, the 
predicted values, which are shown in table 20, 
can be compared with the reported values for this 
period. These balance sheet equations were used 
also to generate cattle and calf inventory cycles 
for the entire forecast period, which served to 
illustrate the importance of the specified lag vari-
ables in terms of their cumulative effects on mar-
ket price performance in the livestock-meat econ-
omy. 
Co-mme'r'cial slaughte1·. Total com mer cia I 
slaughter of cattle and calves was composed largely 
of steers cull dairy cows and vealer calves. Year-to-
year cha'nges in beef herds, however, provided a 
major source of variability in both calf and cattle 
slaughter. Because dairy cow numbers were quite 
stable, except for the constant rate trend effect, the 
contribution of dairy enterprises to total cattle 
slaughter was represented by the constant terms in 
the empirical relationships. These relationships, 
which explained 89.4 percent of the year-to-year 
variation in total calf slaughter and 89.6 percent of 
the year-to-year variation in total cattle slaughter 
during the 12-year period 19·19-60, are as follows: 
Cu = 250.7 + 0.459**Hl3t - 1.786**A2H2St , (0.139) (0.265) 
R2 = 0.894 (7.1) 
C2t = 5,087.8 + 2.059**H24t - 2.925**A2H23t , (0.357) (0.527) 
R2 = 0.896 (7.2) 
where Clt = total commercial calf slaughter, in 
1,000 head, t-th year. 
C2t = total commercial cattle slaughter, in 
1,000 head, t-th year. 
A2H28t = (H23t - H23t-1) - (H23 t-1 - H23t- 2 ). 
Each of the balance sheet variables, HIs, H2S and 
H24, was defined earlier (see table 18). 
The commercial slaughter relationships illus-
trate the critical importance of estimating pre-
cisely the beef-cow inventories inasmuch as a 
+ 1,000-head change in beef cows on hand Jan. 1 
is associated with a -1,786-head change in com-
mercial calf slaughter and a -2,925-head change 
in commercial cattle slaughter. A specified change 
in beef-cow numbers is associated, therefore, with 
a complex of changes involved in the withholding 
or release of female beef cattle for intended 
slaughter. Similarly, a specified change in steer 
inventories is associated with nearly a twofold 
change in cattle slaughter because of (1) a less 
than 1-year average length of feeding period for 
the steers reported on hand Jan. 1 and (2) a cor-
responding change in the average length of period 
on feed. To more precisely forecast prospective 
changes in calf and cattle slaughter, further in-
vestigation would be needed to measure the com-
plex set of factors associated with changes in live-
stock inventories. For the purpose of this study, 
however, the empirical relationships result in a 
reasonably satisfactory set of predictions to war-
rant their use without further refinement. 
Commercial beef and veal production. An addi-
tional set of empirical relationships was derived 
to transform the predicted commercial slaughter 
data into corresponding estimates of beef and veal 
production. These relationships, which show the 
quarter-to-quarter change in the total carcass 
weight of calves and cattle, beef and veal, respec-
tively, per 1,000 head of commercial slaughter, are 
summalized in table 21. 
Using the predicted data on commercial slaugh-
ter, commercial beef production was estimated for 
each year to illustrate the yearly and quarterly 
patterns of production (table 22). 
Total beef and veal p1'oduction. Commercial pro-
duction and farm slaughter make up total produc-
tion. To obtain the carcass weight equivalent of 
farm slaughter of cattle, average weight and yield 
Table 22. Predicted commercial baef production, in million pounds, 
by quarter-year, United States, 1954064. 
First Second Third Fourth Total 
Year quarter qUarter quarter quarter annual 
1954 .--............. 3.207 3.261 3.439 3.408 13.315 
1955 ............ ---- 3.299 3.364 3.539 3.503 13.705 
1956 ................ 3.477 3.530 3.701 3.657 14.335 
1957 .... ----------... 3.365 3.438 3.612 3.'571 13.986 
1958 ............ --_. 3.016 3.048 3.231 3.210 12.505 
1959 ------_ ......... 2.935 2.957 3.142 3,126 12.160 
1960 ............ ---- 3.234 3.291 3.469 3,436 13.430 
1961 ................ 3.772 3.895 4.056 3.994 15.717 
1962 ..... ------_ ..... 3.612 3.718 3.884 3.830 15.047 
1963 ................ 3.627 3.732 3,898 3.843 15.100 
1964 ---------_ .... _- 3.638 3.744 3,910 3.855 15.147 
Tabla 20. Pradicted caHle and calvas on hand, Jan. I, In 1,000 head, 1954.64. 
Kept mainly for milk 
Calves Heifers Cows 
H12 A H,. Year A HlI 
1954 ................................................. ................ 6.582 5.866 23.385 
1955 ................................................................. 6.266 5.767 23.040 
1956 ................................................................. 6,068 5.449 22.585 
1957 ................................................................. 6.001 5,371 23,346 
1958 ................................................................. 5.875 5,294 21.613 
1959 ................................................................. 6.005 5,117 20.454 
1960 ................................................................. 5.977 5.325 19,985 
1961 .................................................................. 5,949 5.293 20.057 
1962 ................................................................. 5,921 5.261 20,063 
1963 .................................................................. 5,893 5,230 19.668 
1964 ................................................................. 5.865 5,198 18,838 
Table 21. Estimated effects of a 1.000·head change in specified total annual commercial 
pounds carcass weight equivalent, by quarter year, United Statas, 1949·60. 
Quarter 
year 
Cattle 
slaughter 
Co 
First (Jan.-March) .......................................................... 0.130'· (0.014) 
Second (April-June) ........................................................ 0.146" (0.012) 
Third (July-Sept.)........................................................... 0.142·' (0.013) 
Fourth (Oct.-Dec.)........................................................... 0.135·· (0.013) 
•• Significantly different from zero at the 0.01 probability level. 
Beef production 
Constant 
term 
1 
-49.7 
-387.8 
-115.1 
31.2 
Calves 
A 
H21 
18.708 
18,740 
19,125 
19.015 
18,278 
18.429 
19.979 
20.937 
20.867 
19.984 
19.373 
slaughter 
r 2 
0.895 
0.932 
0.918 
0.917 
Other 
Heh'ers Cows Steers On feed 
:if,. A :!l •• ft .. H2. 
6.422 25.210 8.555 5.648 
6.223 25.544 8.749 5.796 
6.227 25,296 9.165 6.086 
6.140 24.424 9,063 6.039 
6.0fi2 24.347 9.201 6.070 
6.481 24,990 9.873 6.411 
7.049 26.344 10.428 6.800 
7.118 27.416 10,435 6.893 
7.020 27.300 10,126 6,780 
6.672 26.503 10.279 6.850 
6.496 25.033 10.333 6.801 
on beef and pork production. In million 
Veal production 
Calf Constant 
slaughter term r2 
C, 1 
0.024" 21.6 0.804 (0.004) 
0.031'· -29.8 0.964 (0.002) 
0.038" -48.9 0.942 (0.003) 
0.032" (0.005) 4.8 0.820 
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Table 23. Predicted total beef production for civilian consumption, in million pounds carcass weight equivalent, United Statas, 1954·64. 
Year Commercial Change production in .tocks 
1954 •....•......•.......................•....................... 13.315 -61 
1955 ............................................................ 13,705 17 
1956 ••......•...........................•................... , ... 14,335 39 
1957 ....•....................................................... 13,986 -110 
1958 .•.........................................................• 12.505 40 
1959 •.............. __ .......................................... 12,160 28 
1960 •.......... , .......•................................•....... 13,430 ·-32 
1961 ......•..................................................... 15,717 0 
1962 .............•..........................••..........•....•.. 15.047 -3 
1963 ................................... _ .. _ ... _ •••...........• 15,100 0 
1964 ............................................................ 15,147 0 
data were used with the farm slaughter estimates 
obtained earlier. Finally, beef production for 
civilian consumption, which is summarized in table 
23 for the period 1954-64, involves an accounting 
of net imports, cold storage holdings and military 
utilization. For future years, estimates of the lat-
ter were based on 1949-60 relationships. 
Beef cattle price. The data on civilian consump-
tion from commercial supplies of beef related to 
quarter-year U. S. Choice grade beef-steer prices 
at Chicago. A beef-steer price equation was de-
rived from a wholesale beef price equation and a 
live-to-wholesale margin equation, as indicated 
earlier in this discussion (see equation 5). The 
derived live price equation was as follows: 
PI2jt = 57.9 - 2.088Q1t - 0.118Sat- 1 - 0.0021:l Y t 
+ 0.121T - 0.695Wl + 2.660Wa 
+0.291 W4, (8) 
where Pl2jt = average price in cents per pound 
liveweight of U. S. Choice grade 
beef steers at selected markets in 
the United States, j-th quarter year 
(j = 1, ... , 4), t-th year. 
The live price prediction equation generated the 
predicted quarter-year price series listed in table 
24. The predicted prices are shown in current 
dollars. 
Hogs and Pigs 
Balance sheet data. Balance sheet estimates of 
hogs and pigs were based on the empirical rela-
Table 24. Predicted price in cents par pound liveweight of U.S. 
Year 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
Choice grade beef steers at selected markets and U. S. 
Prime and Choice grade feeder calves at Kansas City, 1954. 
64. 
Beef 
cattle" 
23.46 
22.58 
21.56 
23.32 
27.73 
27.09 
25.77 
22.86 
25.44 
26.48 
27.58 
Feeder 
calfb 
21.67 
21.01 
20.39 
23.76 
30.95 
31.00 
27.97 
24.54 
23.99 
28.81 
29.51 
• Based on simple average of quarter·year prices and data for 11.year 
period ending in 1959. 
b Based on simple average of half·year prices and data for l1-year 
period ending in 1960. 
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Total 
Net Military Civilian Farm civilian 
export. consumption consumption slaughter consumption 
-163 450 13,089 444 13,533 
-157 403 13,442 461 13,903 
-95 404 13,987 457 14,444 
-259 348 14,007 460 14,467 
-849 353 12,961 458 13,419 
-996 346 12,782 510 13,292 
-706 343 13,825 486 14,311 
-954 342 16,329 501 16,830 
-1,065 340 15,775 518 16,293 
-1,181 340 15,941 528 16,469 
-1,297 340 16,104 529 16,633 
tionships shown in table 25. The predicted balance 
sheet values are summarized in table 26. 
Each of the balance sheet equations, with the 
exception of equations 4.9 and 4.10, was estimated 
with a rather high degree of precision, at least 
Table 25. Estimated eRects on specified balance sheet variables, in 
1,00o-head, of a l·unit change in selected explanatory 
variables, hogs and pigs, 1949·58. 
Effect on balance sheet 
variable of a 1-unit change in: 
Estimated balance Nonprice Price Constant sheet variable variable variable term R' 
... YI Z. 1 X, 
.Hogs on hand: 
H31 ._---------. -2.830'· 10.111" 3,497.4 0.956 (0.511) (0.983) 
H3211 .......... 109.312' 110.074" 5,849.0 0.723 (39.197) (29.072) 
H3 •....••...•.• 2.010·' -702.488" -328.2 0.966 (0.333) (96.700) 
Sows furrowing: 
Sub ............ 0.918·· -141.9 0.971 (0.042) 
S .. b ............ 0.490" 186.135" 701.3 0.933 (0.110) (21.097) 
Pigs saved: 
B", 5.760" 508.324" 5,129.3 0.978 (0.391) (108.112) 
B" ---.-....... 7.170" 352.948" -3.977.9 0.988 (0.298) (24.049) 
Inshipmenta: 
I, 
-'-'--'."-". 1.134"* 0.006 24.8 0.927 (0.120) (0.006) 
Marketings: 
M. __ •• 0 ___ •••• 0.696· -586.238 21,751.0 0.722 (0.203) (322.874) 
Deaths: 
n. .............. 0.102" -291.291" 2,849.2 0.753 (0.042) (78.501) 
Fal'm slaughter: 
F, ........ _-_ .... 0.052 -450.473" 5,621. 7 0.927 (0.028) (33.424) 
• Significantly different from zero at the 0.05 probability level • 
•• Significantly different from zero at the 0.01 probability level. 
" Based on data for 8·Year period ending Jan. 1. 19.60. 
b Based on data for 9-yenr period ending in 1960. 
Table 26. Predicted sows on farms, Jan. 1, and sows farrowing, in 
1,000 head, United States, 1954-64. 
Year 
1954 ..................... _ ......... .. 
1955 •.. _ ........................... _ 
1956 ........................... _ ..... . 
1957 ................................. . 
1958 ......•.............. _ ........... . 
1959 ................................. . 
1960 ................................ .. 
1961 ..•.. _ ....................... _ .. . 
1962 ................................. . 
1963 ............................. _ ..• 
1964 .............................. ~ .. . 
Sows, 6 months 
and over, Jan. 1 
H" 
8,497 
9,090 
8,256 
8,005 
8.532 
8,994 
8,567 
8,551 
8,903 
8.532 
8.238 
Sows farrowing 
Dec.·May June-Nov. 
S.. SO!! 
7,588 5,016 
8,179 5,540 
7,667 5,386 
7,261 5,386 
7,297 5,642 
7,955 6,245 
6,772 5,834 
7,664 6,006 
8,031 6,682 
7,691 6,702 
7.422 6,756 
for the purposes of this study. Year-to-year 
changes of most variables were attributed almost 
entirely (from 72.3 percent t? 98.8 percent of the 
total variation) to changes m the two or three 
explanatory variables spe.cified earlier i? ~able 17. 
The most important varIable for predICtIOn pur-
poses, H~H' was associated with hog price for the 
preceding 6-month period, January to June, and 
time, T. Because of the probable co~plementary 
effects of the actual level of hog pnces and ~he 
probable limitations in expanding ho~ prod~ct~on 
at exceptionally high prict; level~, .thIS. predICtIOn 
equation failed somewhat m fulfI!lmg Its pur~ose 
in the over-all model. The predIcted numbel of 
sows on hand, however, is related to the !lumber 
of sows farrowing during the 6-month perIOd, De-
cember to May, which in turn is. related to the 
commercial slaughter of hogs durmg the follow-
ing 6-month period, June to November .. Other fac-
tors also explain year-to-year changes m sows far-
rowing and in commercial hog slaughter. 
Because of the large number of predicted values 
involved in the entire set of prediction equations, 
as illustrated by the shortcomings in the ,!se of 
one of the more important explanatory vanables, 
the long-range projections of hog numbers are 
subject to considerable predictio~ error. In com-
parison with cattle slaughter estImates, howev~r, 
the predicted hog slaughter departs less fro~ Its 
average historical level than does the predIcted 
cattle slaughter. For this reason, and also because 
of the generally satisfactory prediction accuracy 
of the entire set of equations, the estimates of 
future hog slaughter compare rather favorably 
with the estimates of calf and cattle slaughter, 
as illustrated by the predicted and reported data 
on commercial slaughter. 
Commercial slaughter. Commercial ~og slaugh-
ter was estimated on a half-year basIs; namely, 
for the two periods January through June and 
July through December. The pr~~iction equations 
were quite satisfactory in explammg year-to-year 
changes in commercial hog slaughter, as suggest-
ed by the R2 and standard error va~ue.s shown 'Yith 
the two equations. The two predICtIon equatIons 
included a set of empirical relationships as fol-
lows: 
em = 7,865.1 + 5.560**S~2t-l 
(0.864) 
- 277.250 (P"~t-l '\ + 287.681* T 
(139.574) l P
G2H 
J (108.943) 
R2 = 0.913 (9.1) 
em = 8,749.1 + 3.076**S - 171.733 (Pm '\ 
(0.672) (180.082) -I 
Pm) 
+ 913.912**T W = 0.947 (9.2) 
(141.734) 
where C31t = total commercial hog slaughter, in 
thousands of head, January to June, 
t-th year. 
C3 "t = total commercial hog slaughter, in 
- thousands of head, July to Decem-
ber, t-th year. 
A further description of the variables in the two 
equations is included in table 1~. .. . 
Commercial hog slaughter dIffers SIgnIfIcantly 
from one half-year period to the next in te~s. of 
the quantitative relationships commonly speCIfIed 
as affecting hog production. Though hog produc-
tion and pork production are directly related, hog 
and corn prices also affect the level of pork pro-
duction (in addition to their specific effects on 
hog production). Durin!f the fal.l months, J?o~e­
over total pork productIOn has mcreased sIgmf-
icantly-an increase that is not expl~ned ~y 
changes in the number of sows farrowmg or m 
hog and corn prices. . 
Changes in the number of sows farrowmg dur-
ing the period of analysis were followed about 6 
months later by changes in hog slaughtet:. A 
change in fall fan'owings, however, was assocIated 
with twice as large changes in hog slaughter 6 
months later as was the same magnitUde of 
change in spring farrowings, but changes in hog 
and corn prices during the early fall months, July 
through September, were related only slightly to 
changes in hog slaughter 6 months later. The Jan-
uary to March hog and corn prices, on the other 
hand were quite reliable predictors of hog slaugh-
ter. lS ' Early spring hog and corn plices apparently 
conditioned producers' market expectations, and, 
hence, these producers withheld gilts from the 
spring pig crop. 
Commercial parle production. A composite set 
of average weight and average yield relationships 
was derived to convert the predicted hog slaughter 
into equivalent carcass weight production of pork. 
lS In an alternative formulation of the hog .laughter function b.'lsed on 
dah for the 10-year period 1949-58. the price variables co"ere<! the 
fir;t quarter of each 6-month period and were associated with COm-
mercial hog slaughter as follows: 
e" = 1,285.6 + 5.963 0·S""., - 392.:173 P'",_, + 53.179"P'",., 
(0.910) (1:19.574) (18.100) 
+ 180.870*T, R' = 0.966 (9.1a) (77.600) 
6.", == 4 61r..9 + 2.805··f-m - 209.G71*P'", + 52.99S"P'o" 
' '"' (0.40li) (70.904) (12.596) 
+ 491.G04*'T, R' = 0.954 (9.2a) (57.922) 
Table 27. Estimated effect of a 1,000-head change in total semiannual 
commercial hog shughter and other variables on pork pro. 
duction, in millions of pounds carcass weight equivalent, by 
quarter year, United States, 1949.60. 
Half-year Hog Time Consumt Qmu"tcr commercial Price term year hog sbughlor P::w T 1 R' C"J 
First 
(Jan.-March) .. 0.065" 
(0.007) 271.5 0.905 
Second 
0.049" -10.915 15.271 607.2 0.841 (April-June) .. (0.010) (11.432) 
Third 
(JUly-Sept.) 
-... O.OGO" 
(0.013) 
-17.615 
(8.866) 270.7 0.786 
Fourth 
189.0 0.SS9 (Oct..Dec.) -- .... 0.05S·· 25.:lfiS·· (O.OOS) (6.950) 
•• Significantly different from zero at the 0.01 probability level. 
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Table 28. Predicted pork production, in millions of pounds carcass weight equivalent, by quarter year, United States, 1954-64. 
Year First quarter 
Second 
quarter 
Third 
quarter 
Fourth Total 
quarter annual 
1954 ............•.•...•..............................................................................•.....•...• 2.210 
1955 ............................................................................................................ 2,526 
1956 .......................................................................................•.................... 2.887 
1957 ............................................................................................................ 2,621 
1958 ....•....................................................................................................... 2.507 
1959 ............................................................................................................ 2.825 
1960 .......................................................................................•...............•.... 2,977 
1961 ............................................................................................................ 2.791 
1962 ...•..•.....•.................................•........................................•...............•.... 2.967 
1963 ...........................•...................................................................•............ 3,277 
1964 .•....•....••........•.•.................................................................................... 3,300 
1,938 1,937 
2,138 2,268 
2,395 2,286 
2.300 2.178 
2.254 2.114 
2.478 2.441 
2,668 2.274 
2.507 2.481 
2.653 2,683 
2,895 2.671 
2.963 2,691 
2,846 8,926 
3,178 10,110 
2.901 10,469 
2,738 9.837 
2.812 9.687 
3,237 10.981 
2.803 10.622 
3.055 10.834 
3.265 11.568 
3.146 11.989 
3.056 12.010 
Table 29. Predicted pork production for civilian consumption, in millions of pounds carcass weight equivalent, United States, 1954-64. 
Jan.-.Tune 
Change Civilian 
Commercial in Net Military consump- Commercial 
Year production stocks exports use tion production 
1954 ................ 4.143 20 -45 142 4.026 4.783 
1955 ................ 4.664 -73 -24 123 4.638 5.446 
1956 ................ 5.282 -27 -14 115 5.208 5,187 
1967 ..•......•...... 4,921 -1 6 103 4,813 4.916 
1958 ............•••. 4,761 16 -31 95 4.681 4.926 
1959 ................ 5.303 -86 -21 91 5.319 5,678 
1960 ................ 5,545 107 -26 102 5.362 5.077 
1961. ............... 5.298 70 -19 91 5,156 5.536 
1962 ................ 5.620 -169 -11 90 5.710 5.948 
1963 ................ 6.172 -157 -5 90 6.244 5.817 
1964 ................ 6.263 -86 -8 90 6.267 5.747 
The empirical relationships, which describe the 
weight and yield estimates essentially as a linear 
function of time and of commercial hog slaughter 
in number of head, are summarized in table 27. The 
derivation of the total carcass weight of commer-
cial hog slaughter is shown in table 28. 
Total pork production. Since the farm slaughter 
of hogs is declining rapidly, commercial pork will 
nearly equal total pork production by 1964. Esti-
mated average weight and yield data for commer-
cial slaughter were used to convert farm slaughter 
into equivalent carcass weight production. Total 
pork production is shown in table 29 for both 
half-year periods from 1955-64. (Again, the esti-
mates of net imports, changes in cold storage 
holdings and military utilization were based on 
1949-60 relationships.) 
Hog p1·ice. Finally, a predicted live price series 
was obtained with the live price equation, 
Table 30. Predicted price in cents per pound liveweight of 200.220 
pounds slaughter barrows and gilts at Chicago, 1954-64. 
Year 
1954 ..................................................................... . 
1955 ..................................................................... . 
1956 ..................................................................... . 
1957 ..................................................................... . 
1968 ..................................................................... . 
1959 ..................................................................... . 
1960 .................................................................... .. 
1961 .................................................................... .. 
1962 ..................................................................... . 
1963 ..................................................................... . 
1964 ..................................................................... . 
• Based on simple aVerllll"e of quarterly prices. 
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Annual 
average" 
(cents) 
22.60 
17.15 
16.00 
19.73 
21.24 
15.12 
15.96 
17.18 
14.12 
12.40 
12.68 
July-Dec. Annual 
Civilian 
Change Civilian consumption 
in Net Military consump .. from Total 
stocks exports use tion commercial Farm consump-
supplies slaughter ton 
102 -34 136 4,579 8.605 954 9.559 
45 -25 111 5,315 9.953 945 10.898 
-114 2 114 5,185 10.393 873 11.266 
-85 -6 110 4.897 9.710 795 10.505 
-4 -44 97 4.877 9.558 750 10,308 
144 -21 91 5.464 10.783 765 11.548 
-181 -21 81 5.198 10.560 711 11.271 
157 -8 90 5.297 10.453 710 11.163 
212 -6 90 5.652 11.362 570 11.932 
79 -16 90 5.664 11.908 555 12.463 
19 -30 90 5,668 11.935 479 12,414 
A 
P3it = 58.8 - 0.433Qu - 2.186Q~t - 0.006~Yt 
0.101T + 1.254W1 + 0.681W3 
+ 2.652W4 (10) 
where Pajt = average price in cents per pound 
liveweight of 200-220 pound slaugh-
ter barrows and gilts at Chicago, 
j-th quarter year, t-th calendar year. 
Again, the remaining variables are described in 
table 17. The predicted hog prices, based on equa-
tion 16, are listed in table 30. 
Comparisons of Projected Price Structures 
A comparison of the projected 1964 prices 
shown in tables 24 and 30 with those used in 
evaluating the farm-income effects of alternative 
farm programs-listed in table 31-reveals some 
differences in the two sets of estimates. The esti-
mates for the farm program studies, however, de-
pict the long-run rather than the yearly pattern 
of livestock and feed-grain prices. Moreover, the 
long-run estimates represent estimates of aver-
age prices received by farmers rather than pri-
mary market prices. Because of the use of a ,com-
mon set of regional estimates in the two studies, 
and the emphasis on a consistent procedure for 
deriving short-term estimates of livestock market-
ings and meat consumption, the projected 1964 
livestock prices were not adjusted to account for 
the different assumptions used in estimates cited 
in table 31. 
Tabla 31. Estimated farm prices under specified farm programs, 1959 and prolecred 1965. 
Item 
Unit 
of 
measure 
Cattle ....................................................... cwt. 
Calves ..................................................... cwt. 
Hogs ....................................................... cwt. 
Sheep and lambs....................................... cwt. 
Milk, wholesale......................................... cwt. 
Corn ....... __ ...... ____ . __ . _____ . ___ .......................... bu. 
Reported 1959 
Market 
price-
$27.09 
15.12 
4.15 
1.23 
Farm 
priceb 
$22.51 
27.10 
14.20 
17.94 
4.15 
1.07 
• Annual average value of quarterly market prices described in table 17. 
Price 
supports 
and 
control 
for five 
basic 
crops 
$16.77 
18.06 
10.23 
16.44 
3.70 
0.71 
Projeeted 1965b 
Price supports 
Feed grain and production 
production limitations 
limited to: removed 
Joint 
150 140 Economic Senate 
million million Committee Document 
tons tons Report No. 77 
$18.30 $19.22 $17.08 $15.00 
19.61 20.53 18.39 
13.85 16.44 10.95 11.20 
18.02 18.97 16.78 
4.10 4.22 3.67 3.60 
1.00 1.23 1.77 0.77 
b Joint Economic Committee. Economic policies for agriculture in the 1960's. U. S. Govt. Print. Off., Washington, D. C. Nov. 26, 1960 . 
• Not. available. 
PROSPECTIVE REGIONAL LIVESTOCK 
MARKETINGS AND SLAUGHTER 
Estimates of livestock marketings and slaugh-
ter for each livestock region are used later to esti-
mate the annual volume of livestock and and meat 
shipments among the seven livestock regions. In 
this study, the estimates of interregional commod-
ity flows and related prices were derived in three 
stages. First, an equilibrium set of livestock and 
meat prices was generated for selected markets. 
These prices, when lagged one or more time pe-
riods, served as the explanatory variables account-
ing for changes in total commercial slaughter of 
cattle, calves and hogs. Next, estimates of total 
commercial slaughter, when transformed into per-
capita civilian consumption from commercial sup-
plies, were used to predict the average quarterly 
live prices of beef cattle and hogs. Finally, the 
live prices were used to generate regional balance 
sheet estimates for each year from 1949 to 1964. 
In this study, however, only the estimates for 
1954 and 1964 are reported. 
Livestock Marketings 
Aggregate Marketings 
Estimates of prospective livestock marketings 
in the continental United States were developed 
as part of the procedures to estimate livestock 
slaughter. Though the use of alternative linear 
programming procedures may result in somewhat 
different estimates from those obtained by ex-
tending 1949-60 l'elationships to future years, only 
the latter procedure was used to estimate livestock 
marketings in this study. Efficient, or long-run 
optimal, levels of livestock production were not 
examined with reference to each livestock region. 
Rather, the 1949-60 structure of the livestock-
meat economy was assumed to be stable enough 
with reference to the projected livestock-meat 
economy to allow the use of historical relation-
ships for estimating specified future livestock 
numbers. Because of the indirect manner in which 
slaughter livestock marketings were estimated, an 
evaluation of the entire livestock balance sheet for 
2 years-1954 and projected 1964-was under-
taken as a part of this study. 
Regional Marketings 
To overcome the lack of adequate regional data 
on marketings of slaughter livestock, changes in 
the aggregate balance sheet variables were allo-
cated among the seven livestock regions according 
to their 1949-60 (or 1949-58) relationships as pre-
scribed by a series of simple regression equations. 
These equations were of the form, 
.... 7 
IlBirt = air + b1r l IlB1rt, 
1'=1 
(11) 
where AB lrt = numerical value of the year-tO-year 
difference in the i-th balance sheet 
variables for the r-th region for the 
time period (t-1) to t. 
In addition, a limited number of multiple regres-
sion equations were developed for each region. 
These prediction equations were used to generate 
a series of regional balance sheet variables; name-
ly, sows on hand Jan. 1 and sows farrowing-the 
latter for both the spring and fall pig crops. The 
prediction equations for sows on hand Jan. 1 are 
of the form, 
H32rt = a32r + b32r -- + C32r -- , A (P 3t-k) (P2t-k) 
PGt- k Pat-k 
(12.1) 
.... (Pat-k) Ha2rt = aS2r + bS2r -- + c32rT, 
Pat- k 
(12.2) 
where equation 12.1 pertains to the West South-
Central region and the East North-Central region 
when k = 1 and k = 2, respectively, and where 
equation 12.2 pertains to the Northeast region 
when k = 2. All other regional prediction equa-
tions for sows on hand at the beginning of the 
year are denoted by equation 12.2 when k = 1. 
Each of the variables in these and following predic-
tion equations are described in table 17. 
To estimate the number of sows farrowing, 
spring and fall, two prediction equations were 
developed which served their purpose quite well 
for each of the seven regions (1' = 1, ... , 7). 
These equations for the spring and fall seasons 
respectively, are of the general form, ' 
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(13.1) 
" (P31t) S3~l't = a32 1' + b32,S31"t + Cnl' l-- + d32rT. 
P Glt (13.2) 
The predicted data on sows farrowing served later 
as explanatory variables in predicting commercial 
slaughter of hogs by regions. 
Finally regional livestock marketings were 
grouped iilto two market classes: livestock intend-
ed for slaughter and other livestock. In some 
regions, marketings of other livestock exceed 
marketings of slaughter livestock because of sales 
of feeders by farmers and ranchers through cen-
tral or country markets or to other farmers and 
ranchers. Sales of feeder livestock within a state, 
however, are not included in the balance sheet 
estimates of livestock marketings. Essentially, 
only interstate shipments of other livestock are 
included in these estimates (though all market 
sales of slaughter livestock are included). 
To obtain a breakdown of total marketings by 
regions, the data on livestock inventories and 
births were related to aggregate estimates of com-
mercial livestock slaughter. In effect, changes in 
regional livestock marketings from one year to 
the next were accounted for by (1) changes in 
livestock births, inshipments and beginning inven-
tories and (2) changes in deaths, farm slaughter 
and ending inventories. A residual component, 
which, in the aggregate, was equal to total com-
mercial slaughter, comprised the regional market-
ings of slaughter livestock. The difference be-
tween total marketings and this residual compon-
ent represented other marketings. 
To illustrate the mechanical procedures involved 
in the estimation of slaughter marketings, 1954 
balance sheet data were used to allocate the num-
ber of livestock on hand Jan. 1, 1954, and the 
number born during 1954 among the alternative 
uses for these livestock. These alternative uses 
would include the number of livestock on hand 
Jan. 1, 1955, and deaths, farm slaughter and com-
mercial slaughter during 1954. Regional data are 
examined first with respect to the number of 
slaughter cattle and calves marketed during the 
1954 calendar year. 
Estimating number sold. After allocating the 
calves born during 1954 among (a) cows kept 
mainly for milk and (b) other cows on a basis pro-
portional to the total number in each class, and 
allowing for an equal distribution of male and 
female calves in each class, the calves attributed 
to cows kept mainly for milk were allocated among 
the possible use categories; namely, replacement 
of heifer calves and replacement of dairy bulls on 
hand Jan. 1, 1955, and calf deaths and farm 
slaughter of calves during 1954. As shown in 
table 32, of the total of 12,746,000 calves slaugh-
tered commercially in 1954, an estimated 28 per-
cent, or 3,516,000 head, represented heifer calves 
in excess of the number required to cover the 
number on hand Jan. 1, 1955. In these estimates, 
the residual commercial calf slaughter of 9,230,-
000 head is comprised of male dairy calves. Thus, 
of the 13,418,000 dairy calves (i.e., calves attrib-
uted to cows and heifers 2 years and over kept 
mainly for milk) surviving death and slaughter 
on farms, 672,000 head were not allocated among 
any of the specified uses. This excess of dairy 
calves occurred because of differences in the meth-
ods of obtaining estimates of (a) commercial calf 
slaughter and (b) calf marketings and other bal-
ance sheet items. 
Total commercial cattle slaughter, which 
reached 25,017,000 head in 1954, comprised 
8,444.000 cows, 631,000 bulls, 3,347,000 heifers and 
12,595,000 steers. The four market classes of 
cattle were proportional to the federally inspected 
slaughter under each of these market classes. In 
table 32, the total regional marketings of cattle 
slaughtered in 1954 are listed according to the 
Table 32. Estimated marketings of cattle and calves slaughtered commercially, in 1.000 head, by originating regions, 1954. 
Originating livestock regions 
United East West West 
Item States Northeast North-Central North-Central Southeast South-Central Mountain Pacific 
Calf slaughter: 
Female .................................................... 3.516 562 921 939 569 311 71 153 
Male ........................................................ 9,230 1,350 2,406 2,271 1.498 838 S15 552 
Total calve ......................................... 12.746 1,902 3.327 3.210 2.067 1.149 386 705 
Cattle slaughter: 
Cows __ ............. u._ ....... ·· ........ __ .. _____ . ____ ....... 8.444 679 1,279 2.136 1.440 1.519 887 504 
BuUs ....................................................... 631 42 75 172 99 123 73 47 
Heifer.: 
Calves born during year ........................ 506 8 80 138 89 114 41 36 
Heifers on feed. Jan. 1 .......................... 1.765 21 294 743 0 79 318 310 
Other heifers on hand, Jan. 1. ............. 1.076 184 392 37 409 184 -41 -89 
Total heifer. (net) .............................. 3.347 213 766 918 498 377 318 257 
Steers: 
Calve. born during year ........................ 2,768 137 -618 -1,298 1.191 2.159 965 232 
Caives on hand, Jan. 1 .......................... 1.598 -179 -115 1.238 -114 747 436 -415 
Steers on feed, Jan. 1 ............................ 3.605 65 927 2.039 0 126 343 105 
Others steers On hand, Jan. 1. ............. 4,624 177 600 1,129 881 747 512 678 
Total steers (net) .............................. 12.595 200 69.4 3,108 1,958, 3.779 2.256 600 
Total cattle (net) ...................................... 25.017 1.134 2.814 6,334 3,995 5,798 3,534 1,408 
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Table 33. Estimated marketings and inshipments of cattle and calves, in 1,000 head, 1954. 
Originating livestock regions 
United East West West 
Item States Northeast North-Central North-Central Southeast South-Central Mountain Pacific 
Marketings. by origin: 
Calves .................................................... 15.514 1.960 2.679 
Cattle .....................•.••...•....................•.... 30.622 1.062 4.677 
Total ........•......................................•.. 46.136 3.022 7.356 
Inshipment •• by destination ...................... 9.907 188 1.598 
Inshipment •• by origin: 
Beef calves born during year ................ 2.768 137 -618 
Beef calves on hand. Jan. 1. ................. 1.598 -179 -115 
Other steera on hand. Jan. 1. ...•••.••••.... 4.495 172 486 
Other heifers on hand. Jan. 1. ...........•. 1.046 179 381 
Total (net} .......................•..........••...•.. 9.907 309 134 
Marketings of slaught.er livestock. 
by origin: 
Calves •..................................•................ 12.746 1.902 2.500 
Cattle ..........••..••...••................................. 25.017 1.026 4.581 
Total .................................................. 37.763 2.927 7.081 
originating region for the livestock (which, how-
ever, may not be the originating region for the 
slaughter marketings, if the livestock are sold 
first as feeders and then resold as slaughter live-
stock later in the year). 
A substantial number of cattle, apparently des-
tined for commercial slaughter during 1954 ac-
cording to the balance sheet data, were mis-
allocated to this category according to the data 
on commercial slaughter. Though the 1954 esti-
mated commercial slaughter of heifers was 3,-
763,000 head, an additional 416,000 head of heifers 
1-2 years old made up the residual category identi-
fied as marketings of heifers slaughtered during 
1954. Furthermore, calves on hand Jan. 1, 1954, 
apparently diverted to commercial slaughter, to-
taled 2,147,000 head. Estimated commercial 
slaughter of this class of steers, however, was only 
1,598,000 head. In addition, the estimated com-
mercial slaughter of steers included 2,768,000 head 
of calves born during 1954, but even then, 58,000 
head of other calves born during 1954 were un-
accounted for in the balance sheet data. The bal-
ance sheet estimates of slaughter cattle and calf 
marketings were reduced accordingly in table 33 
on the basis of the reported commercial slaughter 
of cattle and calves. The data on in shipments of 
cattle and calves, also shown in table 33. were 
used to adjust the estimated marketings of slaugh-
ter cattle and calves. The 1964 data on marketings 
of slaughter cattle and calves were obtained in the 
same manner as were 1954 data. 
Marketings of slaughter hogs, lambs and sheep 
were derived by assuming, first, that the slaugh-
ter marketings were distributed among the live-
stock regions in the same proportion as were total 
marketings. 
Estimating total ca1'Ca8S 'Weight. The data on 
marketings of slaughter livestock were trans-
formed into equivalent liveweight and carcass 
weight values by using estimated average weight 
pel' head and estimated carcass yield data. The 
total regional liveweight and carcass weight esti-
mates were adjusted, finally, to the aggregate 
estimates cited in the preceding chapter. 
2.348 3.144 3.211 1.287 885 
11.391 2.967 4.717 3.754 2.054 
13.739 6.111 7.928 5.041 2.939 
4.468 301 961 1.207 1.184 
-1.298 1.191 2.I59 965 232 
1.238 -114 747 436 -415 
1.098 856 726 498 659 
36 398 179 -40 -87 
1.074 2.331 3.811 1.859 389 
2.272 3.030 1.677 507 858 
9.238 2.047 3.282 2.851 1.993 
11.510 5.077 4.959 3.358 2.851 
Functional relationships. A set of regression 
coefficients, based on an allocation procedure com-
parable to the general form prescribed in equation 
11 is shown in table 34. These regression coef-
ficients were used to derive for each livestock re-
gion the predicted inventories and other balance 
sheet variables which are necessary to derive esti-
mates of marketings of slaughter cattle and calves. 
The regional balance sheet estimates were based 
on a general assumption of interdependence among 
livestock regions with respect to the specific fac-
tors affecting the regional inventories and move-
ments of cattle and calves. Although the effects of 
the explanatory variables specified in table 34 
differed among the seven livestock regions, these 
effects generally were estimated with a rather 
high degree of precision for the period covered by 
the data. As shown by these results, the constant 
year-to-year increase or decrease in cattle and 
calf inventories, inshipments, births, marketings, 
deaths and farm slaughter often represented the 
largest source of change in these variables.19 
The prediction equations for pigs saved also 
are based on the more recent post-World War II 
data. Because of apparent changes in the struc-
ture of the hog-pork economy since 1952, the pre-
diction equations for sows falTowing are based on 
quite limited information; nevertheless, some 
critical elements of the existing regional structure 
of the hog-pork economy are adequately illustrated 
by these data. The regional prediction equations 
are summarized in tables 35 and 36. In table 35 
are summarized a set of prediction equations for 
ascertaining the number of sows on hand Jan. 1 
which cOlTespond with the regional prediction 
equations for sows farrowing (table 36). 
ProJected ma1'ketings. The empirical relation-
ships depicting the effects of specified factors on 
livestock marketings, and the corresponding com-
putational procedures outlined in the discussion 
of the economic model, were used to prepare the 
estimated marketings of slaughter cattle, calves 
10 In the first difference formulation. the economic model. the year-to-
year change Was represented by the value of the constnnt term. R. 
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Table 34. Basic balance sheet relationships showing the yea .... to·year eHects of a 1,OOO·head change in specified variables, by region, 1949·58.a 
Balance sheet variable Symbol 
Northeast East North·Central 
bl3 
West South-Central Mountain Southeast Pacific West North·Central 
all bit au; biG au b ... au' bit bl~ a[2 a" au 
Cattle and calves (1,000 head) 
Cattle and calves on hand, Jan. 1: 
Kept mainly for milk: 
Calves ............................................. . Hn 5.9 .296 6.2 .312 
-6.3 .105 9.9 .210 -18.9 .027 -0.4 .008 3.6 .041 
Heifers ........................................... . H" 9.1 .236 3.2 .300 -7.4 .133 7.3 .212 -17.0 .035 -0.2 .021 5.1 .063 
Cows ............................................... . H" 35.7 .124 -12.6 .245 -22.7 .252 37.9 .184 -47.8 .128 -4.5 .028 13.9 .040 
Other: 
Calves ............................................. . H2' -4.9 .013 48.0 .103 36.2 .385 31.7 .104 -96.0 .219 -23.0 .115 8.0 .062 
Heifers ........................................... . H2O 1.0 .017 14.4 .058 -12.9 .345 11.0 .168 -10.9 .202 -6.8 .120 4.2 .091 
Cows ............................................ . H" 2.2 .012 15.3 .069 -51.2 .332 89.8 .186 -54.9 .243 -15.3 .111 14.1 .045 
Steers. bulls ..................................... . H" -4.1 .018 47.1 .092 -28.1 .540 26.1 .075 -25.9 .078 -29.3 .132 14.2 .067 
Calves born b ........................................... . B, -18.1 .047 -67.0 .115 -48.8 .320 117.8 .151 -22.3 .215 14.4 .102 24.1 .050 
Inshipments ........................................... . I, 1.5 -.010 87.2 -.066 4.0 .621 -6.6 .011 40.4 .014 -31.6 .228 -94.9 .201 
Marketings: 
Calves ................................................. . M, 9.4 .086 -87.1 .151 -45.0 .211 94.3 .173 6.8 .253 21.8 .064 -0.2 .061 
Cattle ................................................. . M, -9.7 .028 32.0 .157 137.1 .317 -12.8 .126 -128.4 .180 36.2 .086 -54.4 .106 
Death.: 
Calves' ................................... _ .......... . D, 
-5.8 -.008 -7.2 .034 -6.1 .025 -2.3 .060 4.9 -.009 -1.1 .046 -1.0 .016 
Cattle<! ............................................... . D, -1.5 .931 -0.6 -.014 0.6 .016 1.7 .008 -0.1 .002 -1.2 .022 -2.4 .019 
Farm slaughter: 
Calves" ............................................... . F, -2.8 -.006 -8.5 .021 -4.3 .001 -2.0 .018 0.5 .009 -1.7 .004 -3.0 -.015 
Cattled ............................................... . F, -0.6 .019 -2.3 .036 -0.7 .018 -4.0 .013 -0.3 .003 -1.2 .006 -0.2 .005 
Hogs and pigs 
Sows on hand. Jan. 1. ............................ . H32 -4.3 .011 16.1 .222 11.9 .551 8.7 .114 -22.6 .074 -7.0 .020 -2.8 .010 
Pigs saved: 
Spring ............................................... . B31 -30.8 .011 89.5 .214 37.0 .589 76.2 .090 -118.5 .066 -37.1 .020 -16.3 .011 
Fall ..................................................... . B" -33.6 .015 41.4 .303 290.7 .416 -81.7 .146 -165.8 .090 -32.2 .017 -18.8 .013 
(nshipments ........................................... . I. 6.0 -.028 -28.8 .598 23.0 .400 5.2 -.037 0.7 .016 2.2 .001 -8.3 .049 
Marketings" ........................................... . M3 41.9 .926 148.4 .783 241.2 .776 240.6 .688 46.3 .812 16.8 1.019 15.7 .997 
Deathst ................................................... . D, 2.4 .632 -11.3 .938 7.0 .789 10.8 .975 7.3 .690 0.5 .607 -2.0 .320 
Farm slaughter" ..................................... . F • -30.7 .122 -80.5 .014 -69.7 .016 -215.3 .122 -59.1 .109 -6.6 .093 -7.4 .082 
• All coefficients, except those listed below, are based on the 1949-58 relationship between regional and aggregate national levels of the specified variables a. specified hy equation 11. 
... 2 
b Prediction equation of the form, IlB,., = air + b[ rll l: H13rt. 
i == 1 
2 A 
"Prediction equation of the form, IlDat (or IlFl,t) at, + b" 11 l: HUrt. 
i = 1 
2 4 
d Prediction equation of the form. 1lf)2rt (or IlF2r.) 8.2r + b" 11 l: l: H[l rt . 
i=1 j=2 
• Prediction equation of the form, MI!3r' (or IlF3rt) 
t Prediction equation of the form, Ilf),r. == 83r + 
= a.1r + bar 11 (B""r"l + 
3 
bar 11 l: HUr'. 
j == 1 
B",·[ ). 
Table 35. Estimated effects on number of sows on hand Jan. 1 of a 
l·unit change in specified variables, by region, 1953·59. 
Effect in number of sows on hand, 
of n 1.unit change in: 
HIlg'-c{)l'n Reef-corn 
ratio l'ntio Time Heg-ion P'll·k p"., T ~ ~ 
Northeasl .... -.. _-_ .. __ .. :~.O74°* -11.1187'· 
(0.701;) (1I.S!111 
E".t North-Central .. 19,OliH -:~2.0!lO 
(11.~OO) ( 11.11110) 
West NOl'th-Centl'llL 10:1,140'· -96,398°" 
(1~,55[j) (l:l,::~:!) 
Southoast ...... _-_ ... ---- 9,120 ;;4,182'" (7,:110) (9,2:111) 
West Smlth-CentrnL 6,992 2.272 
(::'611.) ) (2,820) 
Mountain ....... __ ... -... 1.688" 2,6:100<-
(O.fi~:i ) (O.Gli~) 
P,,<ific ... -- .............. 1.779" -0.911· 
(0,247) (1I.:nl) 
Constnnt 
term R' 
1 
167,·1 O,!107 
2.828.6 0,608 
::.244,0 0.9:::: 
8~9,2 0.91;; 
1 ~17 .:~ 0,578 
;;4,0 0,90" 
79,H 0,91 :: 
• Significantly different from zero at the 0.05 11I'ohahility level, 
•• S:gllifi<antly different f"om zero at the 0.01 111'oJahilily level, 
~nd hegs (table 37). Next, estimated average 
weight and yield data were employed to obtain 
the e'.ltimated total carcass weight of the marl;:et-
iugs of slaugh tel' livestock. 
Commercial Slaughter 
Aggregate Slaughter 
Once the live price effects of predetermined de-
mand factors (such as the quantity of commercial 
supplies available for civilian consumption and dis-
posable incomes) were ascertained, the predicted 
prices could be related to prospective livestock 
marketings and slaughter. To ascertain the effect 
of changes in market prices in future livestock 
slaughter, however, three additional equations-
one each for calves, cattle and hogs-were derived 
from 1949-60 data. 
Given the explanatory variables for the com-
mercial slaughter equations and given the average 
weight per head, the total liveweight of commer-
cial livestock slaughter was obtained by multiply-
ing the two values. Furthermore, given the meat 
yield per pound liveweight, the total carcass 
tel' was available to enter in the balance sheets 
showing specified meat production and disposition. 
To derive the average weight, annual data cover-
ing the 1949-58 period were used. 
Regional Slaughter 
Two different procedures were used to del'ive 
prospective regional levels of commercial livestock 
slaughter. First, historical (Le., 1949-58) relation-
ships were used to allocate the projected change 
in aggregate livestock slaughter among the seven 
livestcck regions. A set of regional slaughter live-
stock demand relationships and a ratio method of 
regional allocation were available to obtain the 
regional estimates of commercial slaughter. Sec-
ond, the spatial equilibrum solutions presented 
later in this report each have a set of equilibrium 
regional levels of livestock slaughter. In this sec-
tion, however, the results of only the first of the 
two procedures are presented. 
The ratio method used to estimate prospective 
regional levels of livestock slaughter involved an 
algebraic model of the form illustrated by equa-
tion 11. In this equation, the sum of the regres-
sion coefficients depicting the relationships be-
tween regional slaughter and aggregate slaughter 
equals unity for each livestock species. The values 
of these regression coefficients, based on 1949-58 
data, are summarized in table 38. 
The alternative procedure involved the estima-
tion of quantity-price and other functional rela-
tionships for each region. These relationships de-
pict essentially the demand structure for slaughter 
calves, cattle and hogs at the point of slaughter. 
Hence, market conditions, such as plant capacity 
Table 37. Estimated marketings of slaughter cattle, calves and hogs, in 
1,000 head, by regions, 1954 and projected 1964. 
Cattle Calves Hogs 
Region 1954 1964 1954 1964 1954 1964 
.. 
N orthea.t ._ ..... _ ........ 1,035 1.065 1,902 1.600 1,284 1.334 
East North-CentraL 4.581 a,5a8 ~,500 1.4:17 21,400 :!O.6~:I 
West North-Central 9.238 10.990 :!~272 1,00:1 :12,501 44,180 
Southeast ................ 2,047 ~,508 :1.0:10 :l,015 6.672 12.429 
West South-Central :1.282 ~,!j71 1,677 1,289 1.712 1,087 
Mountain ................ 2,851 3,545 1>07 4:!!l "49 46~ 
P"cific .................... 1,99:1 2,114 8li8 7:10 710 907 
weight equivalent of commercial livestock slaugh- ____________________ _ Total ...................... 2fi.017 28.:1:11 1~,74G 10.099 64.828 91,022 
rable 36, Estimated effect on number of sows farrowing of a l·unit change in specified variables by region, spring and fall, 1953·59. 
RI)I'ing' ( IIp''.·lIIayl 
~OWH on Tim~ Hf'~don h .. :nd 
'I' H,:.!I" 
North .. ,,"!. --_ ..... ----_ .. - ....... _-- -- .. _--------- ------.-- 1I,~87'" -0.-11 r. (11,1,781 (1I,~81 ) 
Ea~t NOI'lh-Ccntr,,1 ....................... ------------- 11.8111':'* -1.778 
111,1181>1 ( ~.:!H:-t) 
Wl'<t Ncll·th-Ccnlml. ........................ _ ........... n. !JR:-."» 2.·101) (11.1181 (s,lil71 
Routhenst ........ ------ --_ .. --_.------------_ ...... --.-- ..... O.HII:!,;t* O.7,!jj (fI.r,n) (11,770) 
Wesl South-CenlraL ..................................... II."~ 1," l,::n I (II,II::RI (1I,IW7) 
Mountain -----... -------- ......... -_ .. _--------- .... -- ... __ .. _- 11.84 flO. n.1H (11,11 12) (n.~!!4 } 
Pncifie ....................... ----........... --.---------------- fUH .• •• O.2:U (O,ll!)1 (1I.~88) 
• Significantly different from zero at the O,IIr. III'ohnbility level. 
•• Significnntly different f,'om zero nl the 0,01 I,rohahility level, 
("orl~tnIl1 
1~l'm 
1 
~.:! 
19!!.~ 
-:lliri.r. 
-41.!) 
-17.·1 
2.1 
-1·1.·1 
Fall (June-Nov. ) 
HOg'-eot"n 
~ows 1'ntio Time Constant 
R' fa"I'uwinJ-t [P,,,, I 'I' te.'JT\ 
H::trt P;;-;;-j 1 
( l.flllfl head) 
O,~!Ht 1t.1;:~ 8 O,8:1~ O.l:a; 17,1 
(IlAI:!) (1I.r.72) (1.279) 
O.!HiB 1.1!!7*;) ~:!.IH)7·· 1:1.79fl·· -1.278.8 
(O.l~;' I (.',57:!) (:l.4 ~ 1) 
11,91.8 t).i);)~*=!- ~ I.S68 41.1::li·· -SI'!1.1 
(1I.IIH) ( I.liIlS) (11.1:11» 
0.!188 11,81::" 10,:144 -UIG2 -64.1 
(1I,I:W 1 (4.987) ( 2.:1:1() 
O,flilfl fl,8IiS"" 7.43" 0,201 -9;',7 (0.171 ) (2,28H) (2.r.7·1) 
0.99;' 0,614·· O,!182' 0,:168 -8.7 
(1l.071 ) (0,:188) (11.:111.) 
0,97:: O,89Ii" 1.0:l1 oo 0,027 -27,:1 
(O,lO!)) (0,282) (11.2:14 ) 
R' 
0.8 ltI 
(1,91(. 
0.778 
O.R~)a 
O,9:n 
0.97·1 
0.966 
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Table 38. Proportional contribution of specified regions to total change h liveweight commercial slaughter of livestock in the United States, 1949· 
58." 
Region 
Constant 
term 
al. 
Northeast __________________________________________________ -4.3 
East North-CentraL __ ... _. ___ . ___ .. ____ ... ____ . ______ . -51. 3 
West North-CentraL_. _____ .. ___ .. _____ .. ____ .. ____ .__ 66.1 
Southeast _. ___ .. ___ .. __ .. ________ ... _ .. ___ ... _ ... _._. ____ .. _. -21.9 
West South-CentraL_._. ___ .. ._ ... __ . __ ... __ . __ ... _ ... -61.7 
Mountain ... _ ... __ .. ___ .... _ .. ___ ._ .. _ ..... _ ..... __ .. __ ._.... 49.S 
Paoific _. __ .. ___ .. ___ . ._ __ . ________ .... _._. __ ._._ .. __ .. _ .. __ ... 23.8 
Calves 
Regression 
coefficient b,. 
0.057 
0.215 
0.311 
0.128 
0.137 
0.047 
0.104 
Cattle 
Constant 
term 
110. 
13.5 
-3.0 
-53.8 
22.3 
13.2 
-0.8 
8.6 
Hogs 
Regression Constant Regl'ession 
coefficient term coefficient 
b,. 83r bar 
0.155 -19.0 0.088 
0.290 -167.6 0.240 
0.165 112.9 0.410 
0.119 244.8 0.099 
0.167 -92.3 0.065 
0.019 -1.9 0.027 
0.085 -SO.3 0.056 
• The constant term, air, denotes a constant year-to-year change in regional slaughter. while the regression coefficient. bi •• denotes the change in 
regional slaughter associated with a 1-unit change in total U. S. slaughter. 
or procurement practices among competing pack-
ers, would affect the values of the quantity-price 
coefficients and possibly would distort their com-
parable values at the retail market or consumer 
level in the distribution process. The estimated 
values of the slaughter demand relationships are 
summarized in tables 39, 40 and 41. 
The algebraic model used to derive slaughter 
demand coefficients was of the form, 
A 3 
CII•t = ail' + ~ bjjrPjt + Cj1l"il Yt + cierT, j=l 
(i, j = 1, 2, 3) (14) 
where Ci.-t = total commercial slaughter of calves 
(i = 1), cattle (i = 2), or hogs 
(i = 3) in thousands of head, in the 
r-th region during the t-th year. 
Pit = average live price in cents per pound 
liveweight of U. S. Choice and Prime 
grades of vealeI' calves at Chicago 
during the t-th year. 
Pet = average live price in cents per pound 
liveweight of U. S. Choice grade beef 
steers at selected markets during 
the t-th year. 
Table 39. Effect on number of calves slaughtered commercially of a 
I-unit change in specified variables, by regions, 1949-58. 
Effect on number slaughtered 
of n I-unit changoe in: 
Region 
Northeast .. __ ._-.... __ ........... 
Eltst North-CentraL .. ___ ... 
West North-Central. .. _ .. ____ 
Southeast ........................ 
West SOuth-Central _____ . ____ 
Mountain .......................... 
Pacific ........................ _----
Vealer 
price 
P/:!t 
-48.2·· 
(11.2) 
-85.8·· 
(14.7) 
-54.9·· 
(5.3) 
-34.1" 
(6.0) 
-54.9" 
(7.1) 
-6.8'· 
(0.6) 
-26.S·· 
(4.7) 
United States ._._ .... __ ._ ... ___ -311.4" 
(38.~) 
Dis-
Ilosable 
income 
.lI, 
(1,000 
~.1 
(8.6) 
5.8 
(11.4) 
-0.3 
(4.1) 
6.4 
(4.6) 
6.2 
(5.5) 
0.6 (0.5) 
1.0 
(3.6) 
22.8 
(29.6) 
Time 
T 
head) 
-25.2 
(20.1) 
-7.7 
(26.-5) 
-6.9 
(9.5) 
21.7 
(10.8) 
-13.4 
(12.8) 
-5.0" (1.1) 
-0.1 
(8.4) 
-98.7 
(68.8) 
Constant 
term 
1 
3,879.6 
4,956.4 
3,032.7 
1,718.0 
2,660.5 
281.0 
1.266.0 
17.784.1 
•• Significantly different f!'Om zero at the 0.01 probability level. 
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R' 
0.78 
0.89 
0.96 
0.92 
0.93 
0.96 
0.89 
0.93 
Table 40. Effect on number of cattle slaughtered commercially of a 1. 
unit change in specified variables by regions, 1949·58. 
Effect on numl:er slaughtered 
of a 1-unit change in: 
Region 
Northeast 
Cattle 
priC'e 
Pot 
__ ..... __ . __ ... ___ .. -32.9' 
(12.5) 
East North-CentraL_. __ -122.4· • 
(17.1) 
West No .. th-Central.. .. __ -193.6** 
(18.4) 
Southeast ... _._ .... _ .. _ ..... _ -71.8 
(19.7) 
West South-CentraL __ .. -79.5' 
(27.0) 
Mountain ._ .. ___ . __ ._ .... _. __ -28.6'· 
(7.3) 
Pacific __ ... ___ .. ____ ._. __ .. ___ -64.0· 
(22.9) 
United States ...... _. __ ._ ... _-5 9 2.7 •• 
Dis-
Hog posable Time 
JU'iet!' income or 
p., .l.1t 
(1,000 he"d) 
15.2 10.1 46.9· 
(19.4) (8.1) (19.1) 
33.0 lS.0 95.0'· 
(26.6) (11.1) (23.5) 
24.7 9.5 187.6·· 
(28.6) (12.0) (25.2) 
20.2 14.1 109.5'· 
(30.7) (12.2) (27.1) 
17.5 17.1 58.0 
(42.0) (17 .. S) (37.1) 
-1.6 3.3 79.4'· 
(9.8) (4.1) (8.7) 
2.8 13.8 87.3' 
(35.7) (14.9) (31.5) 
111.9 83.9 663.7·· 
(103.3) (160.8) (67.3) (141.8) 
COt~~.~nt R' 
1 
2.312.2 0.87 
7,013.1 0.97 
10,542.0 0.99 
2.873.1 0.93 
3.326.0 0.84 
1,570.2 0.98 
3,S91.1 0.88 
31,327.6 0.96 
• Significnntly different from zero at the 0.05 probability level. 
*' Significantly different from zero at the 0.01 probablity level. 
Table 41. Effect on number of hogs slaughtered commercially of a 
I-unit change in specified variables, by regions, 1949-58. 
Effect on number slnughtered 
of a I-unit change in: 
Region 
No .. thenst .................. 
l~nttle 
llrice 
POt 
58.6 
(:12.4) 
East North-CentrnL __ 225.3" (70.8) 
West North-Central.. 259.0" (77.7) 
Southeast ................. 95.8 (45.2) 
Weot South-CentraL_. 57.8· 
(22.3) 
Mountain •••• h ..... • ......... 23.1" 
(4.6) 
Hog 
lH'ice 
P:" 
-106.9 
(50.4) 
-263.9 
(110.3) 
-591.1" 
(120.9) 
-100.7 
(70.4) 
-88.4 
(34.7) 
-31.7·· 
(7.1) 
Dis-
1)os=tbb Time 
income T 
.l.It 
(1,000 headl 
19.3 59.4 
(21.1) (44.5) 
64.8 72.5 
(46.1) (97.3) 
65.2 292.0· 
(50.6) (106.7) 
24.1 379.3·· 
(29.4) (ti2.1) 
9.7 21.0 
(14.5) (30.6) 
4.0 -1.8 
(3.0) (6.2) 
Core~~~nt R' 
1 
7.685.0 0.72 
16,907.6 0.8:1 
30,629.6 0.91 
4.977.2 0.91 
2.869 ... 0.77 
1,461.2 0.93 
Pacific _._ ... _ ..... ___ ._. ___ . 44.1 -99.1·· 12.1 -20.0 3,818.5 0.84 
(18.5) (28.8) (12.1) (25.4) 
United State. __ ... _._ .... 763.7. -1,281.9' 189.2 802.4 68.348.7 0.87 
(238.4) (371.1) (155.3) (3~7.4) 
• Significantly different f"om z .. o at the 0.05 probability level . 
•• Significantly different from zero ai the 0.01 proJability level • 
Pat = average live plice in cents per pound 
of 200-220 pound barrows and gilts 
at Chicago during the t-th year. 
~It = year-to-year change in total dispos-
able personal income in the United 
States, in billions of dollars, during 
the t-th year. 
T = time, beginning calendar year 1949 
with T= 1. 
PROSPECTIVE REGIONAL POPULATION, 
INCOME AND CONSUMPTION 
Regional population and income projections 
along with regional meat demand relationships 
were used to derive the estimated 1954 and pro-
jected 1964 consumption of beef, veal, pork and 
lamb and mutton. These estimates are based 
largely on aggregative data prepared by the U. S. 
departments of commerce and agriculture. In the 
case of population and income estimates, a rather 
simple procedure was used to allocate the pro-
jected changes for the United States (from 1959 
to 1964) among the seven livestock regions. The 
regional estimates of future meat consumption, 
however, are based on more involved procedures 
because of the additional demand effects of pros-
pective differences in regional price relationships 
for each of the major meat items. All regional 
projections are confined to the period from 1961 
to 1964 because of the additional difficulties in-
volved in the preparation of the more detailed 
long-range projections. 
Population 
The use of a ratio estimation procedure of the 
form, 
log Frrt = log at + btlog (~ Hrt) , (15) 
1'=1 
where H I•t is the total civilian population in the 
r-th region on July 1 of the t-th year, resulted in 
a satisfactory set of regional population projec-
7 
tions.20 The total population projections, l Hrt. 
1'=1 
were the Series II population projections prepared 
by the U. S. Bureau of the Census. To the re-
gional estimates were added the 1959 regional 
estimates of military population. Thus, the pro-
jected total regional population was obtained for 
the 1964 calendar year. In table 42, the projected 
regional populations are compared with the 1954 
reported regional populations. 
Income 
Since one of the factors accounting for regional 
.. For studies using national projections primarily to forecast state Or 
regional populations. see: Margaret J. Hagood and J. S. Siegel. Pro. jections of the regional distribution of the population of the United 
States in 1975. Agr. ECQn. Res. 3: 41.52. 1951: Helen L. White and 
J. S. Siegel. Projections of the population in states, 1955 and 1965. 
Current Population Reports, PopUlation Estimates. Series P-25, No. 56. 
U. S. Bureau of the Census, Washington, D. C. Jan. 27, 1952. 
Table 42. Civilian, military and total population in specified regions, 
1954 and projected 1964. 
1954 Projected 1964 
Region Civilian Military Total Civilian Military> Totalb 
Northeast __ ................ 45.0 
East North-CentraL. .. 33.0 
West North-CentraL._ 14.5 
Southeast ... _ ................ 29.8 
West South-Central.. .. 14.9 
Mountain .................... 5.6 
Pacific ........................ 16.3 
Total ... __ .... __ ............... 159.1 
0.4 
0.1 
0.1 
0.7 
0.3 
0.1 
0.4 
2.1 
(1.000,000) 
45.4 50.1 
33.1 40.3 
14.6 16.0 
30.5 35.3 
15.2 17.6 
5.7 7.7 
16.7 22.5 
161.2 189.6 
0.3 
0.1 
0.1 
0.5 
0.2 
0.1 
0.4 
1.7 
50.5 
40.3 
16.1 
35.9 
17.8 
7.8 
22.9 
191.3 
------------------------------
• Assumed 1959 military population. 
b Adjusted to U. S. Census population forecasts for 1965, Series n. 
Table 43. Total and per person disposable personal income in speci. 
fied regions, 1954 and projected 1964. 
Region Total 
(billion 
dollars) 
Northeast ............. ____ ............... 80.r. 
East North-CentraL ................ 57.2 
West North-CentraL................ 32.6 
Southeast __ .............................. 34.2 
West South-CentraL .... __ .......... 19.9 
Mountain ........................... __ ... 8.2 
Pacific .... __ ............. ____ ............. 30.9 
Total ............... __ ...... __ ........ __ ..... 263.5 
1954 
Per 
person 
(do\1ars) 
1,786 
1,741 
1,491 
1,134 
1,314 
1.464 
1,861 
1.582 
" Based on 1959 Consumers' PI'ioe Index of 124.6. 
Projected 1964" 
Per 
Total person 
(billion (do\1nr8) 
dollars) 
131.4 2.404 
90.4 2,238 
30.2 1,876 
53.:1 1,489 
30.3 1.702 
14.9 1,910 
57.0 2,489 
397.r. 2,078 
differences in per-capita meat consumption is dis-
posable personal income, this variable was pro-
jected also for each of the seven livestock regions. 
Though the ratio method cited earlier was used 
also in estimating the future regional incomes, 
further manipulation of the data was necessary 
to establish a consistent set of estimates, as shown 
in table 43. 
First, the ratio method was used to obtain the 
projected per-capita personal income for each re-
gion. Each of these estimates was multiplied by 
the 1955 (for 1954 estimates) or the 1959 (for 
1964 estimates) ratio of disposable income to total 
personal income for each region. The regional 
per-capita disposable income was then multiplied 
by the regional population and aggregated to ob-
tain an initial estimate of total disposable personal 
income for the region. These regional totals were 
adjusted to the projected total disposable income 
cited earlier. The adjusted total regional income 
for each region was divided by the total regional 
population to obtain the per-capita personal in-
come cited in table 43. 
Meat Consumption 
Regional meat consumption estimates were de-
rived from both cross-sectional and time-series 
data. These data were used first to derive the 
regression coefficients, air, bijr and Cilr represent-
ed in the functional expression, 
Qirt = air + lblll'Pjrt + CilrIrt + cI~rT, (16) j 
where Qirt = quantity of i-th item in pounds car-
cass weight consumed per capita in 
the r-th region during the t-th year. 
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P irt = price in cents per pound of the j-th 
. item consumed in the r-th region 
during the t-th time period. 
I rt == disposable personal income per cap-
ita in the r-th region during the t-th 
time period. 
T = time, or the t-th year, numbered 
cons€cutively, starting with t = 1 
fOl' 1949. 
In this expression, air l'epresents a constant term 
(which later is adjusted to account for regional 
differentials in the level of demand for the i-th 
meat item). The regression coefficient b ij ,· de-
notes either an own-price effect (when i = j) or a 
cross-price effect (when i /= j) whereby a 1-unit 
change in the j-th price is associated with a b w 
unit change in the i-th quantity demanded. Fin-
ally, Ci 11" and Ci:!r represent the effects of disposable 
income, I,." and time, T, on the quantity demand-
ed. 
Derivation of Functional Relationships 
The method of least squares was used in the 
derivation of the aggregate demand relationships 
for beef, veal, pork, lamb and mutton, all meat 
and poultry. (The last two relationships al'e in-
cluded to show the effects of specified price 
changes on total red meat and poultry consump-
tion.) Since the linear pl'ogramming procedure 
used later in this study requires data which al'e 
linear in the variables, the empirical approach in 
this study depends almost entirely on the use of 
arithmetic, rather than logarithmic, models of 
consumer demand and of marketing-clearing oper-
ations. 
As suggested earlier, the four basic sets of de-
mand relationships used later in this study de-
scribe the effects of a 1-unit change in a specified 
price, income or time variable on the per-capita 
consumption of beef, veal, pork, lamb and mutton 
in the United States as a whole. Later these re-
lationships are modified to show regional con-
sumption l·elationships. The aggregate demand 
relationships, howevel', are based on time-series 
data covering the entire United States and repre-
se!lting avel'age annual levels of relevant demand 
factors ovel' a 10-year period, 1949-58. The re-
gression coefficients and their standard enOI'S, 
which are shown in parentheses, are as follows: 
A 
tiQ" = - 0.535 -- 0.153*':'~Pll +- 0.010~It, 
(0.030) (0.005) 
R~:= 0.807 (17.1) 
A 
:.'!.Q"t = 0.188 - 0.939':'*C.P"i +- 0.258c.P" 
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(0.151) (0.207) 
-- 0.048.:.\ P; 1 +-
(0.351) 
0.050.:.\I t, 
(0.023) 
IV = 0.914 (17.2) 
+- 0.186.:.\P" +-
(0.159) 
0.008.:.\1[, 
(0.010) 
R" = 0.£63 (17.3) 
j,cL = -0.105· 0.132*':'j,P 1, - O.OOBIt, 
(0.014) (0.001) 
R" = 0.936 (17A) 
~Q-" = -0.730 - 0.785';":',j,p.;! +- 0.106,j,P,t 
(0.118) (0.377) 
+- 0.062':',-\1, 
(0.025) 
H" =: 0.898 (17.5) 
j,Q7t = 0.(j96 +- 2.168c.P~'1 - OA08':'j,P" 
(1.000) (0.118) 
+- 0.0 11.:.lIt, 
(0.008) 
R" = 0.810 (17.6) 
where .:.\Qll = year-to-year change in civilian per-
capita consumption from commercial 
supplies of veal, in pounds of carcass 
weight. 
j,Q." = year-to-year change in civilian per-
capita consumption from commercial 
supplies of beef, in pounds carcass 
weight. 
j,Q:n = year-to-year change in civilian per-
capita consumption from commercial 
supplies of pork, in pounds carcass 
weight. 
j,QIt = year-to-year change in civilian per-
capita consumption from commercial 
supplies of lamb and mutton, in 
pounds carcass weight. 
j,Q,-oI = year-to-year change in civilian per-
capita consumption from commercial 
supplies of red meat, in pounds car-
cass weight. 
~Q<l = year-to-year change in civilian per-
capita consumption from total sup-
plies of chicken and turkey, in 
pounds of equivalent ready-to-cook 
weight. 
~P,t = year-to-year change in average re-
tail price, in cents pel' pound ca1'~ass 
weight equivalent, of U .. S" Pnme 
and Choice gmde veal (chvlded by 
Consumers' Price Index). 
~P"I = yem·-to-year change in average retail 
price, in cents per pound carc~ss 
weight equivalent, of U. S. ChOlce 
grade beef (divided by Consumers' 
Price Index). 
~P:it == year-to-year change in average re-
tail price, in cents per pound c~r­
cass weight equivalent, of maJor 
pork cuts (divided by Consumers' 
Price Index). 
£lPH = year-to-year change in average re-
tail price, in cents per pound carcass 
weight equivalent, of U. S. Choice 
lamb (divided by Consumers' Price 
Index) . 
£lP .• l = year-to-year change in index of re-
tail cost of meat pl'oducts (1947-'19 
= 100). 
.:.'lPa = year-to-year change in average re-
tail price, in cents pel' pound retail 
weight, of ready-to-cook frying 
chickens (divided by Consumers' 
Price Index). 
£lIt = year-to-year change in average per-
capita disposable personal income in 
dollars (divided by Consumers' Price 
Index) . 
Each of the variables represents an estimated 
average value of an item for the entire United 
States. Because of computational difficulties in-
troduced by high intercorrelation among several 
series, first differences of the estimated average 
values were used in the derivation of the regres-
sion coefficients. 
The national data were modified to account for 
regional differences in meat consumption by using 
the published reports on the 1955 Survey of 
Household Food Consumption.~l These regional 
differences in meat consumption combined a num-
ber of factors which were not included explicitly 
in the derivation of the modified demand relation-
ships but which pl'esumably were related to region-
al income differences. Hence, interregional diffel'-
ences in per-capita consumption were estimated 
on the basis of per-capita income differences 
among the livestock regions comprising anyone 
census region. 
Regional Consumption Estimates 
Specifically, the regional consumption estimates 
for 1954 and 1964 were derived from the 1955 
sUl'vey data and the projected national consump-
tion by use of an adjustment pl'ocedure based on 
the expl'ession, 
A (Qil" 
QirH = Qir + E i1· I-I (IrK - t·), 
~ II' ) 
(18) 
where Qi '8 = quantity consumed per person of the 
i-th item in the r-th census region 
(1' = 1, . , , , ,1) and s-th subregion 
(s = 1,2), 
QIl' = quantity consumed pel' person of the 
i-th item in the r-th census region, 
1,< = disposable personal income pel' pel'-
son in the r-th census region and 
s-th subregion, 
II' = disposable personal income pel' per-
son in the r-th census region, 
E i , = estimated intl'atemporal income ef-
fect on quantity consumed (derived 
from 1955 survey data) showing the 
~1 U. S. Dept.. A~!"l'. IV:).i how";ehold food con~ump:,ion hUl'VCY, Hpports 
No. I.~. U. S. Gov't. Print. Off., W,,,hing-ton. D. C. 19;'i. 
pel'l:entage change in pounds of meat 
per l)erson associated with a I-per-
cent change in disposable income.2~ 
The regional consumption projections for 196!1 
are based on a different procedure, (See table 44.) 
Fil'St, data on slaughter weight of livestock pro-
duction in the United States served as the basis 
for a derived carCHSS weight equivalent of com-
mercial slaughter. Farm slaugh tel' was deducted 
from the production estimates to obtain the total 
liveweight of commercial slaughter. These totals 
were multiplied by carcass yield ratios to obtain 
commercial slaughter in carcass weight equivalent 
production, Then, net exports and military use 
were subtracted from the total commercial meat 
production, Estimates of beginning and ending 
stacks were based on their quantitative relation 
to commercial production during the 1949-60 pe-
dod. Similarly, the estimates of exports and im-
ports wel'e based on historical relationships. Pro-
jected military utilization of meat was prescribed 
at the Hlf)9 levels (which is consistent with the 
procedure fOl' estimating the 1964 civilian popu-
lation), The remainder, which represents the com-
mercially produced meat available for civilian 
consumption in the United States, was divided by 
the civilian population. Regional pel'-capita con-
sumption estimates were derived, finally, by using 
the procedure specified in equation 15. 
PROSPECTIVE MARKETING COSTS 
Locational pattems in livestock slaughtering 
are related primarily to the geogl'aphy of livestock 
J)1'cduction and secondarily to the geography of 
population and consumel' markets-provided, of 
COlll'Se, that transfer costs for livestock and meat 
conespond with the costs of providing the trans-
ff'l' services. Among transfer services are includ-
ed the gamut of activities involved in transforming 
the livestock into marketable meat pl'oducts. 
I-Ienee differencE's in transfer costs occur because 
of l'egional differences in livestock procurement 
costs, slaughtering and processing costs and dis-
tl"ibution costs. Transportation expenses contrib-
ute to both procul'ement and distribution costs. 
Although the transportation charJ'es per unit of 
livestock or meat product are small, in the aggre-
gate they are substantial. Moreover, the total 
:::! The theoretical ha~h; for this l))'ore<iul'c \\'<18 pn'~eHkt.l in \Vold nnd 
JUl'een. while an empirical application haH b('en ])l'e~p.nted in the .Min-
nl'~Ot.a. study on doml'stic fo~)d ilnd fihel' dpm::lnd expan:::.ion. See: John 
A. WhetmOl'e. 1I1al'tin E. Abel. ElmoI' W. LeaI'll '''I<j Wilh\l'(1 W. Coeh. 
"ane, Poli('ie~ for expanding' the demand f01" farm ))J'oducts in the 
United Stn~)~~. P<:l~tl I. History and potcntial!-1. 1\linn. AgT. Exp. Sta. 
Tech. 11111. _.d. 19.,.J. 
T.He 44. fstim?ted regional consumption per person of specified meat 
produds, 1954 and projected 1964. 
North'.~ ::-.: ~ 10 . :! S!I.~ 11;. I !1.li 1:1.:1 .-l!LII 
E-:!'! Nf)~'l h-Cent ~';l! 
-.. 
11111_,1 !17,:t :I S :i,li fit'.7 IiS.1I 
Woot NOJ,th-Ce:lt,·aL. !Hi.:~ ~)~.G ~ I .. "'i ., 4 .~ 7.2 6li.n 
~~(JlIt he:l .. t 
.. ................. ;~;). n :ifi.:: ;) ,~ :.1 :;U Ii:..!. 1 
\V('s: !-~o\lt h~(>'nt I':tl ~;~). i; ;,!I.7 d •• ' .. 'I ;J:J.l li:!,S ,I. _ 
i\!Ulillt:lill 1 q I.:: II!I. ,-, H.:: ./.1 ·I!!;' :-, ~, . ~. 
I':!(·i fl(' 111:\ .. 1117,(; III_II :; , ~I :-,::.0 (i::.!1 
A\'~!'nh'r. S'! " SUI 111.11 Ii Ii .> :.1 ';::'0 
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transportation bill can be reduced. by optimalloca-
tion with respect to livestock supplies and con-
sumer markets. 
Aggregate Cost Structure 
Total costs per pound of meat processed includ-
ed transportation costs and the costs incurred in 
the related procurement, processing and merchan-
dising activities. To ascertain the aggregate cost 
structure for beef and pork, market price relation-
ships were derived for each of three levels in 
the marketing system-primary, wholesale and 
retail. 
Aggregate retail price relationships were de-
rived from the consumer demand equations cited 
earlier. The beef and pork equations were solved 
simultaneously to obtain a new set of equations 
with retail price as the dependent variable and 
with per-capita consumption as explanatory vari-
ables. The equivalent retail price equations for 
beef and pork, respectively, were as follows: 
A 
Pl"2t = 72.197 - 1.202Q2t - 0.388Q3t + 0.015Pu 
+ 0.063It + 0.118T, (18.1) 
A 
P r 3t = 110.588 - 0.500Q2t - 1.414Q3t 
+ 0.239P7t + 0.036It - 0.300T (18.2) 
where each of the variables are described as in 
equations 17.1 to 17.6, except for change from 
year-to-year differences to absolute levels of each 
variable. 
The vertical price structure was obtained on an 
annual basis from the retail price data by use of 
two sets of marketing margin relationships-re-
tailing and wholesaling-and the by-product rela-
tions. Changes in the retailing margins, M2lt and 
M'Il t, were associated with changes in retail prices, 
while changes in the wholesaling margins, M22t 
and M32t , and changes in the by-product credits, 
M1~t and Mm , were associated with changes in 
wholesale values of the beef cattle and hog car-
casses. The vertical price relationships were as 
follows: " I 
Retailing margins: 
A 
M2lt = 3.652 + 0.094*pr2t + 0.219**T, (0.034) (0.043) 
R2=0.791 (19.1) 
A 
M3lt = 5.598 - 0.026pr3t + 0.090*T, 
(0.047) (0.026) 
R2=0.721 (19.2) 
Wholesaling margins: 
M:22t = 3.953 - 0.058*PIV2t - 0.073*T, (0.018) (0.024) 
R2=0.613 (20.1) 
:M:'2t =, 3.944 + 0.037*t.Q,t + 0.086**T, (0.012) (0.020) 
R2=0.798 (20.2) 
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By-product credits: 
A 
M23t = -0.314 + 0.122*PIV2t - 0.059T, (0.036) (0.047) 
R" = 0.856 (21.1) 
A 
M33t = -0.294 + 0.189plVat - 0.037T, (0.087) (0.054) 
R"=0.605 (21.2) 
where M2lt = average price spread between retail 
value and wholesale value in cents 
per pound liveweight equivalent of 
U. S. Choice grade beef during t-th 
year (divided by Consumers' Price 
Index, 1947-49 = 100). 
Malt = average price spread between retail 
value and wholesale value in cents 
per pound equivalent of major pork 
cuts during t-th year (divided by 
Consumers' Price Index). 
M2"t = average price spread between whole-
sale carcass value and primary mar-
ket value per pound liveweight 
equivalent of U. S. Choice grade beef 
steers during t-th year (divided by 
Consumers' Price Index). 
M32t = average price spread between whole-
sale carcass value and primary mar-
ket value per pound liveweight of 
200-220 barrows and gilts at Chicago 
during' t-th year (divided by Con-
sumers' Price Index). 
M2:lt = average value per pound liveweight 
of by-product credits for beef-steer 
carcasses during t-th year (divided 
by Consumers' Price Index). 
Maat = average value per pound liveweight 
of lard, minor pork cuts and other 
by-product credits for hog carcasses 
during' t-th year (divided by Con-
sumers' Price Index). 
PW2t = average value in cents per pound 
liveweight equivalent of U. S. Choice 
grade beef-steer carcasses during 
t-th year (divided by Consumers' 
Price Index). 
plY at = average wholesale value in cents per 
pound of major pork cuts at Chicago 
dUling t-th year (divided by Con-
sumers' Price Index) . 
Other variables included in the six equations are 
described under equation 17.6 (without the super-
scripts, however). 
When the marketing margin and by-product re-
lations were transformed into an equivalent set of 
equations based entirely on retail prices rather 
than wholesale prices, for three of the relations-
beef wholesaling and both beef and pork by-
product credits - the estimation of wholesale 
prices was not involved; hence, the vertical price 
structure was obtained directly from the available 
data on retail prices and civilian consumption 
from commercial supplies. Multiplication of the 
retail price relations, equations 18.1 and 18.2, by 
0.59 for beef and Y2.13 for pork converted these 
data to their equivalent liveweight basis for use 
in the marketing margins equation. 
Regional Price Structure 
To derive the vertical price structure, the es-
timated marketing margins and by-product credits 
were added to the estimated primary market 
prices for each livestock class. The wholesale 
margin, less the transportation cost per pound of 
beef steers, was assumed constant for all regions 
in anyone year. The retailing margin, less the 
transportation cost pel' pound of beef steer car-
cass, also was assumed constant for all regions in 
anyone year. Similarly, the unit value of by-
product credits was equal to the average value for 
the United States. Therefore, average retail meat 
prices for any region were equal to the average 
live price of the specified market class of livestock 
plus the average live-to-wholesale and wholesale-
to-retail price spreads and the average by-product 
credits. The derivation of a set of vertical mar-
ket price relationships for beef and pork based on 
the various price equations is illustrated in table 
45. 
IMPLICATIONS OF PROSPECTIVE SHIFTS 
IN LIVESTOCK SLAUGHTER 
Because of changes in the spatial pattel"lls of 
livestock production, meat consumption and dis-
tribution costs, significant changes in the re-
gional location of livestock and interregional pat-
tern of livestock and meat movements can be ex-
pected to occur in the 1960's. By 1964, the effects 
on the livestock and meat industries of some of 
these changes will become mOl'e apparent as meas-
ured by the number and size of meat packing es-
tablishments in different regions of the United 
States. To illustrate the direction and magnitude 
of these changes, projected 1964 data are pre-
sented showing (1) the regional location of com-
mercial livestock slaughter, (2) the interregional 
pattel"lls of livestock and meat shipments and (3) 
selected industry characteristics. 
Commercial Slaughter 
Regional estimates of livestock slaughter for 
1964 were prepared from the data cited earlier. 
Two approaches were involved in the development 
Table 45. Market prices and costs per pound liveweight and ca:tass 
weight of beef and pork production in the United States, 
1954 and projected 1964." 
Beef 
Projected 
Item 1954 1964 1954 
(cents) 
Live valup .............................. 23.70 27.58 23.18 
Plus: Wholesaling margin.... 2.61 1.93 5.04 
Wholesale value (A) .............. 26.31 29.51 ~8.fi~ 
Less: BY-Pt"orluct credits...... 2.10 2.09 4.45 
Wholesale value (B) .............. 41.03 46.47 51.21 
Plus: Retailing margin ........ 13.77 21.36 1:1.:14 
Retail value ............................ ;'4.80 67.8:1 fH.li!1 
Pork 
Projcctc:l 
196·1 
12.68 
6.76 
1~.H 
1.62 
37.96 
18.:!·\ 
fiG.:W 
:I the value wholesaling margin, whnletia]c values (A) ancl i:y.))roduct 
credits are ~n n Iiveweight basis. , ... hile wholei:lale value (B). retailin~ 
margin and retail values are on a carCaSS weight hns!s. 
of these data; namely, a regional market-shares 
approach and a regional livestock-demand ap-
proach. 
Regional Market Shares 
The projected regional market shares represent 
the results of the prediction procedure specified in 
equation 11. This procedure was based on the 
assumption that year-to-year changes in a region's 
livestock slaughter are dependent upon two major 
phenomena-the gradual increase or decrease in 
the relative importance of the region in aggregate 
livestock slaughter and the more rapidly changing 
results of the forces of competition responding to 
year-to-year changes in livestock supplies. These 
two sources of change, as described by the con-
stant term and the regression coefficient, respec-
tively, in equation 11, were measured generally 
with a rather high degree of precision for the 
1949-58 period. Whether or not the historical re-
lationships are stable enough over time to ade-
quately predict the 1964 regional market shares 
is a question that eludes statistical tests of signifi-
cance. The credibility of proj ected 1964 data on 
livestock slaughter, which are based on the re-
gional market shares approach, can be examined 
qualitatively at least by using the alternative 
analytical approach. 
Regional Livestock Demand 
The alternative approach used to estimate re-
gional livestock slaughter for future periods is 
based on the regression relationships listed in 
tables 38-41. According to these regression rela-
tionships, the quantity of regional livestock 
slaughter is dependent upon the price of live-
stock (including both the average price for the 
specified livestock class and the average price for 
a competing livestock class), year-to-year change 
in total disposable income and time. The price 
and income variables are the same for each of the 
regional prediction equations. Because market 
competition differs among the regions, and be-
cause of regional difference in livestock supplies 
and meat demands, the price and income effects 
on slaughter differ among regions. 
Summary 
Regional estimates of livestock slaughter for 
1964, based on the two approaches, are cited in 
table 46. According to these data, the relative 
position of the West North-Central region, the 
Southeast and the Mountain region in total com-
mercial slaughter will increase in importance by 
1964 largely because of the percentage decline in 
livestock slaughter in the Northeast, the East 
North-Central region and the West South-Central 
region. Though substantial differences in re-
gional slaughter estimates are revealed in the 
estimates based on the two approaches, as shown 
in table 46, these differences occur mostly be-
tween the West North-Central region and the two 
southern regions. The findings pertaining to the 
West South-Central region particularly, should be 
used cautiously in evaluating prospective shifts in 
the location of livestock slaughter. From an em-
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Table 46. Estimated liveweight commercial slaughter of callie, calves and hogs, in millions of pounds, by region, 1954 and 1964." 
CaWe Calves Hogs 
Projected 19(;4 Projected 1!Hl4 Projected 1%4 
H'l"'J.:ioll Reported 1\1arket Livestock Reported 1\1arkel Livestock HepOl"tecl Market Live.stocl\ 
1954 shares demand 19;;4 shares denland l!liH I!lhare!::l demand 
Northeast •••••••••••••• __ ••• _ •• __ • ____ ._. ____ • __ • ___ u ••••• 2,441 !!.55~ !!,757 ·1~9 :;(;0 ::14 1.607 j.Oa4 2,058 
East North-C~n(ral ............... __ .... ____ .. __ .. __ . __ 5,331 ;;,601 5,fiBO 601 ·lar) ·176 1,204 .. ,180 f),:I:{:! 
West North-Central __ . __________ .. ____________________ . 7,3U5 U,47!i 8.:J7l) ·109 106 219 6,6;'0 9,:!5U 8,78G 
Southeast ________ •••• u •••••••••••••••••••••••••••••••••• •••• 1.881 2,161 ~,fi:16 :~8:'! 424 -1-10 lJjfi8 :!,97:~ :I,Otl:l 
West South-Central __ . __ .. ______ . __ . ________ . ____ . __ ... 1.912 1.546 1.8"0 7!i0 1'1:-) hJ .. !i:~6 ,,97 776 9;'4 
Mountain -_ ... _-_ ................... _---.--_ .... __ .. _-" .. ---- 1.;116 1.993 :!.O:{!! flO :l0 :1O:l .Jfi4 419 
Pnclfic .............................. _ .... _ .. _ ........... -.... - 2,882 3,293 :1,490 190 1:1·1 11" 6:H 779 835 
Total .......................................................... 23.158 26,6~0 26,620 2,811 2,131 :l,1:ll lEi,n5.! 21,<146 21,446 
" Based on projected 1964 average weight of livestock slaughter. Also, estimates based on the regional livestock-demand a~}lll'oach were adjusted to 
the total 1964 commercial slaughter estimates used in the regional market-shares alllll·oach. 
ph-ical standpoint, however, the market-shares 
approach is the more reliable; hence, this ap-
proach was given precedence over the statistically 
less reliable livestock-demand approach, 
Interregional Shipments 
To evaluate the implications of the projected 
shifts in livestock slaughter, the linear program-
ming procedures cited earlier in this report were 
used in a normative manner. First, the least-cost 
pattern of livestock and meat shipments for 1954 
was ascertained. Later, projected 1964 patterns 
of livestock and meat shipments were obtained 
under different assumptions regarding transpor-
tation cost structures. 
Derived 1954 Patterns 
The net surplus 01' deficit position of each re-
gion was ascertained from the basic data OIl 
slaughter marketings, commercial production and 
civilian consumption. According to these data, 
the relative importance of cattle slaughter exceeds 
marketings in the Northeast, the East North-
Central region and the Pacific region, while the 
relative importance of beef consumption exceeds 
cattle slaughter in the Northeast, the East North-
Central region, the Southeast and the Pacific re-
gion. For calves and veal and also for hogs and 
pork, a pattern of international trade somewhat 
different from that for cattle and beef emerges 
from these data, The relative 1954 position of 
each region in livestock slaughter is summarized 
in table 47. 
The interregional pattern of cattle shipments, 
as a percentage of total commercial slaughter in 
the United States, is summarized in table 48. Be-
cause of transportation economies, the West N orth-
Central region exported slaughter cattle to both 
the Northeast and the East North-Central regions. 
Table 47. Percentage distribution of livestock slaughter by regions, 
1954. 
He;don Cattle 
Northeast ..... ____ ................. ____ ...• 10.f, 
East North-Cent,.,.!..__________________ 2:).0 
West North-CentrnL.. ________ ... __ .... 31.9 
Southeast __ ... ____ ...... ____________ .. __ ... 8.1 
WeHt South-Cent.l'llL .. ____ ........ ____ S.:: 
J\.1uuuluin ...................•. .............• li.7 
Pac'fic ........................................ 1 :J,.Ei 
Total __ ................. __ ........... ____ ..... 100.0 
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Calves 
15.:! 
21.4 
14.6 
1:1.6 
26.7 
1.8 
fl.7 
100,0 
Ho~s 
10.:: 
~7.0 
42.8 
10.0 
:LR 
:!.h 
".1 
100.0 
In addition, part of the total cattle slaughter in 
the Northeast represented marketings of slaugh-
er cattle from the West South-Central and Moun-
tain regions. 
As shown in table 49, beef shipments were rep-
resented by a pattern somewhat different from 
that for cattle shipments because of the greatly 
deficit position of the Northeast with respect to 
beef production. Moreover, the interregional ship-
ments of beef originated largely from the major 
surplus-producing area-the West North-Central 
states. 
Slaughter calves originated largely from the 
West North-Central stateR and the Southeast, as 
shown in table 50, Interregional shipments of 
slaughter calves were rather small, however, rep-
resenting only 20 percent of total marketings in 
the United States. 
:Marked differences occurred in the estimated 
1954 pattern of veal shipments when compared 
with the interregional shipments of slaughter 
calves. As shown in table 51, the North Central 
states were surplus in veal shipments while the 
Mountain states shifted into a slightly deficit 
position. Interregional trade in veal, according to 
these data, was substantially greater than inter-
regional trade in slaughter calves. Both sets of 
data, however, may have considerable error in the 
regional estimates of slaughter calf marketings 
and veal consumption. Satisfactory data for es-
timating these two variables are lacking-a criti-
cism that also can be leveled against the regional 
estimates of slaughter cattle marketings and beef 
consumption, 
Interregional shipments of hogs and pork were 
confined entirely to outshipments from the North 
Central states, as shown in tables 52 and 53. A 
substantial trade in slaughter hogs occurred be-
tween the East North-Central region and the 
Northeast. The latter region imported, however, 
slightly less than half of its pork from the West 
North-Central region. 
Projected 1964 Patterns 
Changes in patterns of net interregional move-
ments in slaughter livestock and meat are contin-
gent upon changes in the relative distribution of 
livestock slaughter (see table 154). These data, 
when compared with the data for 195,1 in table 47, 
reveal a shift in livestock marketings and slaugh-
Table 48. Estimated percentage distribution of least-cast shipments of cattle from surplus·praducing regions, 1954. 
Originating region of shipments 
Destination region Farm 
production 
Commercial 
West North·Central West South·Central Southeast Mountain Total slaughter 
Northeast ...................•........•.•................... 5.0 2.7 0.9 1.9 5.5 10.5 
East North·Central.................................... 20.2 2.8 2.8 23.0 
Pacific ........................................................ 7.0 2.1 3.4 5.4 12.5 
Table 49. Estimated percentage distribution of least-cast shipments of beef from surplus·slaughtering regions, 1954. 
Destination region Beef consumption 
Northeast ......................................................................... . 
East North·Central ........................................................... . 
Southeast ........................................................................... . 
Pacific ............................................................................... . 
30.7 
24.0 
11.3 
13.2 
Originating region of shipments 
West North·Central West South·Central Mountain 
20.2 
1.0 
0.6 1.5 1.1 
0.8 
Total 
20.2 
1.0 
3.2 
0.8 
Table 50. Estimated percentage distribution of least·cast shipments of calves from surplus·praducing regions, by destination region, 1954. 
Originating region of shipments 
Destination region Farm production West North·Central Southeast Mountain Total Commercial slaughter 
Northeast ................................................. .. 
East North·Central .................................. . 
West South·Central ................................. . 
Pacific ...................................................... .. 
7.9 
13.3 
11.8 
4.9 
7.3 
:l.5 5.1 0.5 
2.& 
1.& 
7.3 
8.1 
2.8 
1.8 
15.2 
21.4 
14.6 
6.7 
Table 51. Estimated percentage distribution of least-cast shipments of veal for surplus-slaughtering regions, 1954. 
Originating region of shipments 
Destination region Consumption East North·Central West North·Central Southeast West South·Central Total 
Northeast ................................................ .. 
Mountain .................................................. .. 
Pacific ...................................................... .. 
46.9 
2.1 
9.9 
ter to the West North-Central and Southeast 
l'egions. Because of these locational shifts, cor-
responding shifts in the patterns of interregional 
livestock and meat shipments can be expected. 
A normative, linear programming approach was 
used to evaluate the effects of a change from a 
value-of-service to a cost-of-service basis for es-
tablishing transportation changes, as a considera-
tion in evaluating prospective changes in the loca-
Table 52. Estimated percentage distribution of leastoeast shipments of 
hags from surplus-producing regions, 1954. 
Originating region of shipments 
Farm Commercial 
Destination praduc. East West slaugh. 
tion North·Central North·Central Total region ter 
Northeast ...... 1.8 7.0 1.5 8.5 10.3 
Southeast ...... 8.9 1.1 1.1 10.0 
West 
So.-Central.. 2.4 1.4 1.4 3.& 
Mountain ...... 0.& 1 ., 1.2 2.0 
Pacific .......... 0.9 3.2 3.2 4.1 
Table 53. Estimated percentage distribution of least·cost shipments of 
pork from surplus-slaughtering regions, 1954. 
Destination 
region 
Northeast .............. .. 
Southeast ............... . 
West South-CentraL 
Mountain ................ .. 
Pacific .................... .. 
Originating region of shipments 
East West 
Consumption North.Central North·Central Total 
27.2 5.5 11.3 16.8 
18.4 8.4 8.4 
9.4 5.6 5.6 
3.2 1.3 1.3 
9.7 5.6 5.6 
7.2 
0.3 
5.7 18.0 
3.1 
31.7 
0.3 
3.1 
tional pattern of the meat packing industry.23 
(Cost data prepared by the U. S. Department of 
Commerce were used in adjusting the projected 
1964 transportation cost data. A shift to a cost-
of-service basis would mean essentially a reduc-
tion in the relative cost of hauling meat.) The 
least-cost solutions to the over-all transportation 
problem based on the revised rates showed a fur-
ther change in the pattern of net trade. Using 
the projected 1964 data on marketings and con-
sumption, the Northeast and Pacific regions would 
show an increase in consumption and a decrease in 
meat production while the North Central region 
would increase production. With regard to beef 
production, the West South-Central region would 
increase in importance while the Mountain region 
would decline in importance (because of the favor-
23 Wilbur R. Maki and William C. Motes. Economic effects of trans-
portation on plant location in the meat packing industry. Iowa Agr. 
nnd Home Eoon. Exp. Sta. (Unpublished report.) 1961. 
Table 54. Percentage distribution of livestock slaughter, by regions, 
1964. 
Region Cattle Calves Hoga 
Northeast .......................... 9.6 16.9 9.5 
East North·CentraL .......... 21.0 20.4 24.2 
West North·CentraL .......... 35.6 5.0 43.1 
Southeast . .................. -...... 8.1 19.9 13.9 
West South-Central ............ 5.8 30.6 3.6 
Mountain .......................... 7.5 0.9 2.1 
Pacific ...... __ .... _--------_._----_ .. 12.4 6.3 3.6 
Total . ................................... 100.0 100.0 100.0 
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able position of the West South-Central region 
which can ship either west or east). Also, the 
West South-Central region would become more 
important than any other region. Under 1954 
conditions, both the East North-Central and the 
West North-Central regions were surplus regions. 
In 1964 the West North-Central region, however, 
would contribute an even larger share of the total 
pork exported-on the basis of the projected data. 
Trends for veal would be similar to those ob-
served for beef and pork when cost-of-service rates 
are used. As before, slaughter calf production 
and slaughter would be quite decentralized be-
cause of the continuing influence of the dairy in-
dustry. 
A further modification of the locationa1 pat-
tern for livestock slaughter was obtained by re-
laxing the restriction on slaughter location. A 
linear programming procedure was used to obtain 
the least-cost pattern of livestock and meat ship-
ments. Because of the lack of restrictions on plant 
location, the least-cost solution favored the loca-
tion of slaughter in areas of livestock production. 
Within the range of transportation costs used in 
this study, the findings show that it would be 
cheaper to slaughter livestock in supply areas and 
ship meat, rather than ship livestock for slaugh-
ter in areas where the meat is consumed. 
Summary 
Besides the substantial shifts in relative calf 
slaughter between the Southeast and the West 
North-Central regions, hog slaughter in the 
Southeast region and cattle slaughter in the West 
North-Central region are expected to increase in 
relation to total commercial slaughter from 1954 
to 1964. The percentage increases in commercial 
slaughter would be associated with a correspond-
ing decline in the relative position of the North-
east and the East North-Central regions. The 
percentage distributions of marketings of slaugh-
ter livestock are expected to change, also-al-
though the changes for cattle and hogs appear 
somewhat smaller than for calves. Marketings of 
slaughter cattle are expected to increase in rela-
tive importance in the North Central and South-
east regions and decrease in the Northeast and 
West South-Central regions. The West North-
Central region, however, is expected to maintain 
its relative importance with respect to marketings 
of slaughter hogs, despite the increasing impor-
tance of hog production in the Southeast. 
The data on slaughter calf marketings, and the 
corresponding data on calf slaughter and veal con-
sumption, are less reliable than comparable data 
on the other livestock and meat categories. For 
this reason, the expected changes in the percent-
age distribution pertaining to calves and veal pro-
vide a less satisfactory basis for evaluating pros-
pective shifts in the location of calf slaughter. 
Industry Characteristics 
The intertemporal and interspatial differences 
in meat packing, meat consnmption, livestock pro-
duction and transportation costs cited earlier are 
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reviewed briefly in terms of the various trends 
and projections presented in this report. This 
concluding discussion is addressed specifically to 
the question of prospective changes in the eco-
nomic structure of the meat industries that can 
be attributed to aggregate and regional changes 
in livestock marketings, meat consumption and 
marketing costs. These aggregate and regional 
changes in the livestock-meat economy are re-
viewed with particular reference to their impact 
on the locational and size distribution of estab-
lishments in the meat packing industry. 
Livestock Marketings 
Though the location of feed-grain and forage 
production is quite stable from year to year, the 
location of livestock feeding may vary because of 
changing short-run supply and demand relation-
ships for slaughter and feeder livestock. Despite 
the relatively stable projected regional levels of 
feed-grain and forage production, regional live-
stock marketings vary substantially from year to 
year, both in absolute numbers and as a percent-
age of total livestock marketings in the United 
States. According to the prediction equations 
used in this study, the cattle and hog cycles will 
continue to require considerable excess capacity 
in the livestock and meat industries to adequately 
handle the peak livestock marketings. Because of 
the cyclical variability in marketings, the regional 
levels of livestock slaughter will vary in a cor-
responding, though not necessarily a proportion-
ate, manner. Moreover, the competitive processes 
in livestock and meat procurement during differ-
ent stages of the livestock cycles will vary among 
the regions and, hence, the proportionate market 
shares of each region also will vary from year to 
year. To achieve less variability in regional live-
stock slaughter, however, will require important 
changes in the expectational structures of live-
stock producers. 
The prediction equations for estimating com-
mercial slaughter of cattle, calves and hogs in-
volved inventories of breeding stock as the critical 
explanatory variables. Thus, for cattle and calves, 
the year-to-year shifts in the breeding intentions 
and market expectations of ranchers and farmers 
are revealed over the next several years in the 
changing rates of slaughter of calves, heifers, 
cows and steers. Similarly, changes in the breed-
ing plans of hog producers are represented first, 
in changes in brood sows and gilts on hand Jan. 1 
and, later, in sows farrowing and in pork produc-
tion. In both areas of decision making, price sta-
bility would be associated with more general live-
stock market stability in succeeding years. In-
creased livestock price and market stability would 
allow for increased specialization in livestock pro-
duction and slaughter and, hence, increased opera-
tional efficiencies in the meat packing industry. 
When the cyclical variability in the livestock mar-
kets is reduced substantially, however, year-
around cattle feeding and multiple hog-farrowing 
programs may induce only a limited reduction in 
the industry's excess capacity of plant and facili-
ties. Capital expenditures must be made pru-
dently in the light of existing capacity and pros-
pective growth in consumer demand. 
Meat Consumption 
Consumer demands and preferences establish 
the critical limits to changes in livestock produc-
tion and marketings through the rather stable 
quantity-price relationships that prevail for dif-
ferent socio-economic groups. As the distribu-
tion of these groups in our total population changes, 
the nature of the quantity-price relationships for 
meat changes also, as indicated earlier in this re-
port. If livestock production or meat processing 
and distribution technology reduces the cost of 
meat, the average American consumer will in-
crease the consumption of beef and pork, provided 
incomes, household composition and preferences 
remain unchanged. 
Most demand projections use disposable personal 
income as the principal index of socio-economic 
change. To the extent that consumer incomes in-
crease, meat consumption is also expected to 
change for a specified level of farm prices in a 
manner prescribed earlier in this report. Unfor-
tunately, for regional projections of meat con-
sumption, adequate data are lacking for estimat-
ing both the quantity-income and quantity-price 
relationships, particularly for specified meat 
classes or qualities. 
The generally rising consumer incomes will re-
sult in expanded regional markets for beef and, to 
a lesser extent, pork. Thus, the substantial growth 
in population together with a positive, though 
small, income effect can be expected to sustain 
retail market prices, in constant dollars, at ap-
proximately 1949-60 levels during the 1960's. 
Changes in regional meat consumption patterns 
thus are confined largely to the effects of changes 
in regional population rather than changes in re-
gional incomes and consumer tastes. The income 
effects on particular meat cuts and meat products 
are recognized as important factors, however, in 
accounting for changes in the regional distribution 
of prepared meats plants and also in the degree 
of specialization in meat packing plants. 
Marketing Costs 
Regional differences in marketing costs, except 
transportation, were quite difficult to obtain. The 
available data, largely from the 1954 Census of 
Manufactures, reveal a pronounced effect on em-
ployee wages of urbanization rather than of re-
gional location. Differences in labor costs per 
worl(er among establishments within the same 
region are substantially greater than their dif-
ferences among plants in comparably sized towns 
in different regions. Regional differences in labor 
costs may occur, however, because of regional dif-
ferences in plant location with respect to urbani-
zation.24 
Although the available data suggest a lack of 
2' Union contracts account for some differences in regional ,vage pat-
terns by allowing for geographical wage differentials in industry-wide 
bargaining. 
regional differences in labor and related costs, 
these same data, when obtained for different 
years, show some changes in total marketing costs 
from year to year. First, labor costs are expected 
to increase (though recent changes in reported 
employment in the meat packing industry reveal 
significant changes in total labor utilization). 
More and more marketing services are being in-
corporated into the final retail product, which, 
together with the rising rate of labor remunera-
tion, would increase aggregate livestock and meat 
marketing margins. Competitive factors and 
technological changes in the livestock and meat 
industries, moreover, add to the cost-increasing 
pressures. As a result, the expected 1964 market-
ing costs cited in this report are expected to in-
crease, in total, over their 1954 levels. 
Industry Organization 
The composite effects of intertemporal and in-
terspatial changes in livestock production, meat 
consumption and marketing costs are represented 
in a preliminary manner in the reported shifts in 
the size and geographical distribution of meat 
packing and prepared meats plants. Two sources 
of data are available to show these changes in in-
dustry organization; namely, the U. S. Census of 
Manufactures for 1954 and 1958 and the U. S. 
Department of Agriculture reports on the num-
ber of slaughter plants, March 1, 1955, and March 
1,1960. 
Shifts in size distribution of establishments. A 
significant reorganization in total labor utilization 
within the meat-product industries was evident by 
the end of 1958. In 1954, an average monthly 
employment of 252,200 persons was required to 
handle an average monthly commercial slaughter 
of 3,570 million pounds liveweight, including 1,934 
million pounds of cattle, 234 million pounds of 
calves, 1,275 million pounds of hogs and 127 mil-
lion pounds of sheep and lambs. By 1960, an 
average monthly slaughter of 3,961 million pounds 
liveweight was handled by 241,800 employees in 
the meat-product industry (meat packing and pre-
pared meats establishments). By 1964, however, 
less than 240,000 employees are expected to 
handle a total monthly slaughter of 4 billion 
pounds. 
A prediction equation was derived from the 
monthly data on employment in the meat-product 
industry reported in the Survey of Current Busi-
ness and the monthly data on liveweight com-
mercial slaughter reported in various U. S. De-
partment of Agriculture publications. From these 
data, a conclusion was formed regarding the ap-
propriate historical period on which to base the 
estimates of future employment in the meat pack-
ing and prepared meats industries (namely, the 
36-month period since January 1958). During this 
period, 80.2 percent of the month-to-month change 
in employment (averaged over 3-month intervals 
starting Jan.-March 1958) was explained by the 
relation, 
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t = -0.804 + 0.019**l~Q2wt-l ( l~Ewt) 
3 (0.004) t 
where E wt 
+ 0.012**l~(Qlwt-l + Qawt-l 
(0.003) t 
+ Q4wt-l) (22) 
average monthly employment in 
meat products industry in thou-
sands of employees, t-th month, 
w-th quarter. 
= total liveweight commercial slaugh-
ter i-th livestock class (i = 1, 
calves; i = 2, cattle; i = 3, hogs; 
i = y, sheep and lambs), in millions 
of pounds, t-th month, w-th quar-
ter. 
A change from the preceding month, t-l, to the 
current month, t, or from a lagged month, t:-2, to 
the preceding month, t-l, was shown, respectIvely, 
by ~Ewt = (Ewt - E wt-1 ) and ~Qiwt-l = (Qlwt-l-
Qiwt-2) . 
According to the prediction equation, average 
monthly employment declined 804 workers per 
quarter-year during the 1958-60 period independ-
ently of changes in commercial slaughter. In !ld-
dition an average month-to-month change durmg 
each 3-month period of 1 million pounds in com-
mercial cattle slaughter was associated with a 
change of 18.9 employees in the meat-product in-
dustry, while a corresponding change in the com-
mercial slaughter of hogs, calves and lambs was 
associated with a change of only 12.5 employees. 
Despite the larger labor requirements per million 
pounds of hog, calf and lamb slaughter, the 
month-to-month change in employment associated 
with changes in the commercial slaughter of these 
livestock classes was only two-thirds of the change 
in employment associated with a correspondin~ 
change in cattle slaughter. 25 The greater vari-
ability in hog slaughter and the greater uncer-
tainty associated with this variability may ac-
count for the sluggishness of changes in employ-
ment to achieve efficient levels in short-term labor 
utilization in the meat packing and prepared 
meats industries. Again, the existing levels of 
employment in the meat industries are le~s th!ln 
optimal because of the seasonal and cyclIcal In-
stabilities in livestock marketing. 
Because the recent decline in total employment 
has occurred during a period of growth in the 
total number of establishments, the average size 
of establishment has declined somewhat in the 
meat packing industry. The 1958 Census of Manu-
factures preliminary reports show a total of 
203,887 employees in meat packing - a decrease 
of 16307 from the reported 1954 employment. Mean~hile the number of establishments with 
20 or mor~ employees increased from 933 in 1954 
25 For further discussion of labor requirements in livestock slaughter, 
see: Wilbur R. Maki and Charles Y. Liu, op. cit. 
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to 1,030 in 1958. (The U. S. Department of Agri-
culture report cited earlier shows an increase of 
slaughter plants under federal inspection from 455 
on March 1, 1955, to 530 on March 1, 1960. Large 
and medium sized slaughter plants not under fed-
eral inspection declined in number, however, from 
952 and 1,810, respectively, on March 1, 1955, to 
902 and 1,712, respectively, on March 1, 1960.) A 
further examination of the census data revealed 
a trend toward a smaller average size of meat 
packing establishments in the North Central 
states, Oklahoma, Texas and California. Gener-
ally, in other states, an increase in the number of 
establishments was associated with an increase, 
rather than decrease, in total employment. The 
trend toward a smaller average plant size is re-
vealed most clearly by the reported data for Illi-
nois, which show a decline from 26,526 meat pack-
ing plant employees in 1954 to 16,628 employees in 
1958 while the number of plants with 20 or more 
empioyees increased from 46 in 1954 to 61 in 1958. 
Generally, however, small establishments not un-
der federal inspection have declined in total num-
ber during recent years. 
Shifts in geographical disb'ibution of estab-
lishments. In this report, the prospective regional 
redistribution of employment in meat packing is 
l'eviewed briefly in relation to the changing loca-
tional pattern of livestock slaughter.26 According 
to the employment estimates on which the per-
centage distributions in table 55 are based, live-
stock slaughter in the West North-Central and 
Southeast regions may be expected to increase. in 
relative importance, largely because of the declme 
of slaughter in the Northeast and East North-
Central regions. 
Because of the increasing efficiency of labor 
utilization and the changing size distribution of 
slauo-hter establishments, the projected regional redi~tribution of employment in the meat packing 
industry can be associated with a differential rate 
of increase or decrease in the number of slaughter 
establishments in each of the livestock regions. If 
the increased labor efficiencies were experienced 
simultaneously in all segments of the m~at pack-
ing industry, the total number of estabhshments 
in 1961 (with 20 or more employees, for example) 
probably would exceed the 1954 level only in the 
West North-Central region. 
26 A more complete discussion of prospective regional chapges in meat 
packing and prepared meats establishments is included In the report 
by Maki and Liu cited earlier. 
Table 55. Percentage distribution of employment in meat packing in· 
dustry, by regions, 1954 and 1964. 
Region 
Northeast ........................................... . 
East North-Central ............................ .. 
West North-Central. ........................... .. 
Southeast .......................................... .. 
West South-CentraL .......................... .. 
Mountain ___ . ____ . ____ . ____ ..... ____ ............ __ .. . 
Pacific .... ___ ... __ .............. _ ... __ .......... __ ... . 
Total .................................................. .. 
Reported 
1954 
11.9 
26.8 
34.3 
9.9 
7.1 
3.2 
6.8 
100.0 
Projected 
1964 
10.1 
22.7 
37.7 
12.7 
6.2 
4.0 
6.6 
100.0 
USES AND LIMITATIONS OF FINDINGS 
Economic studies of the livestock and meat in-
dustries frequently deal with narrowly defined 
problems facing small or specialized segments of 
the livestock-meat economy. Because of the 
specific nature of these studies, the findings gen-
erally assume as given such economic phenomena 
as cattle and hog cycles, excess industry capacity 
or declining demand for pork. Though these 
events plague much of agriculture and agri-
business, prescriptions for the reme.dy of the~e 
ills are unlikely to come from partIal economIC 
analyses. This study was initiated, therefore, to 
provide (1) a broad, aggregative approach. to 
later studies of major long-run problems facmg 
the livestock and meat industries and (2) a cur-
rently useful regional breakdown of selected ag-
gregative elements in the livestock-meat econ-
omy.27 Calendar year 1964 was selected as the 
target year for testing the analytical techniques 
developed in the e.ar!y stages of the stU?Y. 
Like most predIctIons of our economIC future, 
the findings are presented with the usual warn-
ings of their limitations. For one or more reasons, 
the explanatory variables associated with past 
changes in specified livestock marketings, sla';1gh-
ter and utilization may assume a substantIally 
different role in future years. Forecasting errors 
thus can be introduced into the set of predicted or 
projected .values based on the o~t~ated empirical 
relationshIps. Furthermore, a lImIted number of 
years are included both in the historical period 
upon which tl;te forecasting equatio.ns !lre based 
and in the perIOd covered by the proJ ectIOns. Yet 
during the short proj ection interval selected, un-
expected, though signifi~nt, changes may o~cur 
in such farm policy varIables as support prIces, 
for example, that affect the level of ~Ivestock pro-
duction and slaughter. The recu~s1Ve approa~h, 
moreover results in a substantIal cumulatIve 
error if' past trends or relationships change 
sharply during the early part of the forecast pe-
riod. Finally, all regional projections are tied to 
corresponding national projections. Either or 
both the national projections and the interdepend-
ence coefficients that relate the regional values to 
.. The organization and resul~ of this study relate partic:ula.rly to the 
current regional research proJect of the North Central Livestock Ma.r. 
keting Research Committee, "Adjust,;,ents in Livestock Mark;ting In 
the Nort~ C:;ntral States to Changing Patterns of ProductIon and 
ConsumptIOn. 
their national totals may be estimated with sub-
stantial error. 
Because of the "systems" approach used in the 
study of prospective changes in the 1ivestock-me~t 
economy a large number of relevant economIC variable~, though estimated with varying degrees 
of reliability and precision, can be examme.d 
profitably in a comprehensive and systematIc 
manner in terms of the over-all effects of these 
variables on at least two of the major questions 
that concern various segments of the livestock-
meat economy; namely, the regional location of 
the meat packing industry and the reduction of 
excess plant and facilities for livestock slaughter. 
These basic data thus are available for purposes 
of long-range planning within the livestock-meat 
economy. Mor~over, the procedures for .obtaining 
these data are mcluded to allow for theIr adapta-
tion to the more specialized needs of particular 
segments of the economy. 
By starting with the total livestock-meat econ-
omy and by showi~g the. interrelationships .exist-
ing among the regIOnal lIvestock and meat m~us­
tries from year to year, the effects of cyclIcal 
variability in aggregate livestock marketings were 
related to each region's competitive position in 
livestock slaughter. According to the findings of 
this study, a reduction of year-to-year variabili~y 
in livestock marketings and slaughter, for ex-
ample, would have the. greatest impact on ~he ef-
ficiency of slaughterIng plants located III the 
areas of most extreme variability in livestock pro-
duction and marketings. These findings thus 
point to a potential source of substantial change 
in the reorganization and subsequent further re-
location of the meat industries. 
The nature of the economic projections obvious-
ly prescribes the recommendations that might fol-
low from the research findings. The continua-
tion of historical patterns of yearly livestock mar-
ketings does not imply, however, an inevitable in-
consistency between market expectations and 
subsequent market performance. For this reason, 
the price-generating mechanism was presented 
early in this report to illustrate the sequence of 
market events as they appear to affect production 
and marketing decisions in each livestock region. 
A further stage in this particular line of investi-
gation could profitably examine the elements pf 
the decision processes of livestock producers and 
the possibilities of modifying these processes and, 
thus, the outcome of production plans extending 
over a planning horizon of several years. 
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SUMMARY 
The economic structure of the meat-products 
industry is described in this report in terms of 
t!:..a changing patterns of livestock marketings, 
meat consumption and marketing costs. A sys-
tem of prediction equations based largely on data 
covering the 1949-60 period was constructed to 
estimate for the United States, and for each of 
seven livestock regions, projected 1964 levels of 
livestock prices, marketings and slaughter, and 
meat consumption. The projected data then were 
compared with predicted and reported data for 
1954. The latter year, for which rather extensive 
data from the U. S. Census of Manufactures were 
available, thus served as a base year from which 
changes in regional and national components of 
the livestock-meat economy were measured. 
This report describes for much of the livestock-
meat economy a period of substantial growth from 
1954 to 1964. It indicates that an expanding pop-
ulation and rising levels of personal incomes are 
expected to sustain essentially the same patterns 
of livestock marketings, meat consumption and 
market prices that prevailed during 1949-60. 
The report also indicates, however, that signif-
icant departures from these recent historical pat-
ten,,, can be expeded in specific segments of the 
regionally differentiated livestock-meat economy. 
Livestock slaughter, for example, will tend to 
occur more and more in the producing areas, 
particularly in the West North-Central and South-
east regions. Furthermore, a significant decrease 
in year-to-year variability of livestock marketing 
is expected. This will improve labor efficiency 
and, thus, further increase the prospective levels 
of livestock slaughter in the West North-Central 
region. 
While livestock slaughter is supply-oriented, 
meat processing is market-oriented. Despite some 
freight advantage obtained by locating prepared 
meats establishments near the place of slaughter, 
rising consumer incomes and increasing demands 
for locally differentiated processed meat products 
continue to favor the growth of meat processing 
in the major metropolitan areas. Increased plant 
specialization, together with the locational factors 
cited earlier, would contribute to further spatial 
segregation of slaughtering and processing activ-
ities in the over-aU meat-products industry-lo-
cating most of the slaughtering plants in the pro-
740 
ducing territory and most of the processing plants 
in the consuming territory. 
Essentially three types of conclusions may be 
drawn from this study. First, to estimate the 
size of each regional "slice" it was necessary to 
estimate the size of the "pie." For each projected 
regional variable, a corresponding variable for 
the United States was obtained as well as a set 
of interdependence coefficients specifying the na-
ture of the association between the two sets of 
variables. In addition, a second set of relation-
ships was derived to show the effects of aggregate 
market prices on regional demands for and sup~ 
plies of livestock and meat. These prediction 
equations were used, finally, in the allocation of 
total national livestock and meat production 
among the seven livestock regions. Thus, the 
question of regional adjustments in livestock mar-
keting to changing patterns of production and 
consumption was approached systematically with-
in an analytical framework that represented the 
entire livestock-meat economy as a set of mutually 
determined economic activities. 
Second, to estimate the nature and magnitude 
of prospective changes in the location of livestock 
slaughter, it was necessary to consider the impact 
on regional slaughter of (1) the cyclical variabil-
ity in livestock marketings and (2) the recent im-
provements in labor efficiency in the meat-
p.roducts industry. Changes in livestock produc-
tion and slaughter were related to changes in 
national market phenomena in a somewhat differ-
ent manner in each livestock region. Improve-
ments in labor utilization also were associated 
with somewhat different patterns of change in 
the average size of establishment. The O'reatest 
variability in livestock marketings and sl~ughter 
occurred in the West North-Central region. Also, 
the average size of plant has declined in this 
region. 
Finally, to estimate the effects of livestock and 
meat transportation on industry location, it was 
deemed desirable to include transportation policy 
variables in the linear programming procedures. 
A further shift from a value-of-service to a cost-
of-service basis in pricing rail transportation serv-
ices, for example, was shown to increasingly favor 
the location of livestock slaughter in the major 
areas of livestock feeding. 
